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Preface 



This reference manual is intended for persons interested in 
the operation and characteristics of IBM Systeni/3 Model 
10. It is assumed that the reader is familiar with program- 
ming and with data processing terms. Fox more informa- 
tion about binary communications concepts, data link 
operations, transmission codes, message formats, etc., con- 
sult General Information - Binary Synchronous Commu- 
nications Manual, GA27-3004. For a comprehensive listing 
of IBM teleprocessing publications refer to IBM Tele-Pro- 
cessing Bibliography, GA24-3089. For a list of associated 
IBM System/3 publications, refer io IBM System/ 3 Biblio- 
graphy , GC20-8080. For detailed information about fea- 
tures, operations, and procedures of the various System/3 
Model 10 I/O features and RPQs, see the publications 
specified at the right. 



Order 
Name of Publication Number 

IBM 1255 Magnetic Character Reader GA24-3542 

Components Description Manual 

IBM System! 360 Component Descrip- GA 19-003 5 

tion " IBM 1270 Optical Reader/Sorter 

Manual 

IBM 1403 Printer Component Description GA24-3073 

IBM 1442 Card Read Punch Manual GA24-3 1 1 9 

IBM 3410/341 1 Magnetic Tape Subsystem GA32-001 5 
Component Summary 

IBM 388} Optical Mark Reader Models I GA21-9I43 

and 2 Reference Manual and Operator's 

Guide 

IBM 388 J Optical Mark Reader Forms Kit GC20- 1 7 50 

IBM 3881 Mark Reader Systems Design GC20-1 75 1 

Guide 

Multiple Line Terminal Adapter RPQ GC21-7560 

Program Reference and Component Des- 
cription Manual 

IBM 96-Column Card Reference Manual GA2 1-9125 



Sixth Edition (May 1974) 

This is a reprint of GA21-9i03-4, incorporating Technical Newsletter GN21 -0169 
dated February 28, 1974. 

Changes aie periodically made to the infonnation herein; before using this publication, 
consult the latest IBM System/3 Bibliography, GC20-8080 for editions that are applicable 
and current. 

Requests for copies of IBM publications should be made to your IBM representative or lo 
the IBM branch office serving your locality. 

A form for reader's comments is provided at the back of tWs publication. If the form 
has been removed, comments may be addressed lo IBM Corporation, Publications, 
Department 245, Rochester, Minnesota 55901. Comments become the property of IBM. 
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IBM System/3 Model 10 



The IBM System/3 (Figure 1-1) extends the use of stored- 
program data processing to the smaller data processing 
users. Mth its high internal speed and new, extended- 
capacity card, it is possible to perform operations in a 
single pass of the cards that formerly required two or more 
passes on various machines. The minimum configuration 
card system (processing unit, line printer, and multi-func- 
tion card unit) provides most of the functions a punched 
card accounting installation can perform. 



SYSTEM CONFIGURATION 



3. 



supported disk system is 12,288 bytes. Included as 
special features are dual programming, which allows 
the operation of two independent programs at .he 
same time, a serial input/output channel, and a 
binary synchronous communications adapter (BSCA)- 
An IBM 5424 Multi-Function Card Unit. This unit 
provides the combined functions of a card reader, a 
card punch, an interpreter, a sorter, and a collator. 
An IBM 5203 or 1403 Printer. These printers are re- 
ferred to as hne printers to distinguish them from the 
printing function of the multi- function card unit. 




Figure 1-2 shows the units that make up System/3. Each 
96-coiumn card System/3 Model 10 must have the following: 

I . An IBM 5410 Processing Unit. The basic storage size 
is 8,192 bytes. Additional storage is available as 
shown in Figure 1-2. Basic storage size for program 



A minimum configuration disk oriented system that uses 
the IBM system control program consists of an IBM 5410. 
Model A13, either an IBM 5203 Printer or an IBM 1403 
Printer, an IBM 5444 Disk Drive, and either (1) an 
IBM 5424 MFCU or (2) an IBM 1442 Card Read Punch 
and an IBM 5422 Disk Enclosure (for the IBM 5444 Disk 
Drive). 
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Figure 1-1. IBMSystem/S Model 10 Typical Configuration 
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Qj If IBM Programming Support is used, configurations without the 5424 must include both a 1442 and a 5444, and no 5475. 

Q^ If I BM System/3 Disk System Programming Support is being used, at least one 5444 is a prerequisite. 

Q) Usually not used fn the United States. 

\Q IBM Programming Systems for a disk -oriented system requires a minimum of 12,288 bytes of storage to ensure systems availability. 



Figure 1-2. Devices Available for System/3 Model 10 



The following units can be included as speciaJ features: 

1 . An IBM 5475 Data Entry Keyboard. This keyboard 
resembles that of the IBM 5496 Data Recorder. It 
serves as an input device to Systeni/3. This unit ex- 
cludes the printer-keyboard. 

2. An IBM 5471 Printer-Keyboard. TTiis device com- 
bines the facility for entering data from a keyboard 
with the capacity for printing data on an on-line 
printer. It can be used as an inquiry station in disk 
systems. TTiis unit excludes the data entry keyboard. 



3. An IBM 1255 Magnetic Character Reader. This unit 
provides the capability to read magnetic ink charac- 
ters and sort paper documents. It is attached to the 
system through the serial I/O channel. 

4. A Binary Synchronous Communications Adapter 
(BSCA) that enables the system to communicate 
with other systems or remote terminals over Commu- 
nications facilities. 

5 . An IBM 1 270 Optical Reader/Sorter, which enables 
the system to read ISOCRAF-A or ISOCRAF-B digits 
and four special characters from a single horizontal 
Une on source documents, and to sort these docu- 
ments into either six or 12 pockets, depending upon 
the 1270 model. 
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6. An IBM 5445 Disk Storage Drive. This unit reads 
data from and writes data onto the removable IBM 
23 J 6 Disk Pack. This disk pack also operates on the 
IBM 2314 as an I/O unit for the IBM System/360 and 
on the IBM 2319 as an I/O unit for the IBM Sys- 
tem/360. If IBM System/3 programming conventions 
are followed on System/360 and System/370, data on 
a 2316 can be accessed by a System/3 Model 10, by 
a System/360, or by a System/370. 

7- An IBM 341 1 Tape Unit and Control, either alone or 
with one, two, or three IBM 3410 Tape Units. Tapes 
produced on the 3410 and 341 1 Tape Units are inter- 
changeable with tapes produced on other systems, 
such as System/360, if half-inch tape of the same den- 
sity is used. 

8. An IBM 1442 Card Read Punch. This unit allows 
System/3 Model 10 to read and punch 80-column 
cards. The 1442 is available as an RPQ for systenis 
that use the 5424. For systems that use the 5422, 
the 1442 is available as a special feature. 

9. An IBM 3881 Optical Mark Reader. This unit reads 
hand printed and machine printed marks from forms, 
converts the marks into EBCDIC or image format 
code, and sends the coded characters to the system. 

For a more detailed configuration of the system, including 
the required and available special features, see IBMSys- 
tem/S Model 10 Configurator (GA2 1 -9 1 35). 

SYSTEM/3 DATA 

96-column cards data can be entered into System/3 through 
the medium of punched cards. The card (Figure 1-3) pro- 
vides 96 positions for recording data in three tiers of 32 col- 
umns each. Each of the four print lines provides 32 posi- 
tions for printing. An IBM publication, IBM 96-Column 



Card (GA21-9125), provides general information about 
card fields, card layout, card terms, card storage, card 
handling, and special feature cards. It also provides in- 
formation about specifications for card stock, card p.rint- 
ing, punching registration, and how to use the 96-column 
card gauge. 

Data Formats 

Data is stored in System/3 in extended binary coded deci- 
mal interchange code (EBCDIC) using eight bits plus a 
parity bit for each byte. 



Zoned Decimal Format 

In zoned decimal format each byte of data is considered to 
be divided into two groups of four bits each. Bits 0-3 
constitute the zone portion and bits 4-7 constitute the digit 
portion. Figuie 1-4 shows the byte as interpreted for zoned 
decimal format. When data is handled in this format, the 
zone bits do not participate in any arithmetic operations. 
The zone bits of the low-order byte are used to indicate the 
sign of the field for arithmetic operations. 



Parity Bit 
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Figure 1-4, Zoned Decimal Foimat 
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Figure 1-3. System/3 Card 
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Binary Format (Logical Data) 



Parity Bit 



Data handled in binary format is treated as an eight-bit 
binary integer as shown in Figure 1-5. Note that all data in 
storage looks the same to the processing unit, eight binary 
bits. Instructions in the processing unit determine whether 
the data is treated as zoned decimal, graphic characters, or 
as binary integers. 



" 7 



Unsigned 
Binary Integer 

Figure 1-5. Binary Fom>at 



Parity 



In addition to the eight data bits, each byte contains one 
other bit called a parity bit. This bit is used to maintain 
an odd number of bits in the byte. Any time a byte is 
used, it is checked to ensure that it contains an odd num- 
ber of bits. If an even number of bits is detected, the 
processing unit stops with a process check. 



Six-Bit Card Code 

Data is stored in the System/3 card in six-bit form. Each of 
the ninety-six columns in the card can contain one six-bit 
character, which is converted during input operations to 
eight-bit extended binary coded decimal interchange code 
(EBCDIC) format. On output to the punch, EBCDIC is 
converted to card code. Figure 1-6 shows the card code 
representation of each character. 



f 96 COLUMN CARD WITH 6 BIT DATA 
ABCDEFGHIJKLMN0PQRSTUVWXY2 01234 
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Eight-Bit Program Card Code 



Figure 1^6. System/3 Card Code 



Six-bit card code limits the number of characters (bit 
patterns) to sixty-four. The eight-bit bytes used internally 
in the processing unit allow a maximum of 256 different 
combinations. The instructions to the system require all of 
the 256 different combinations. The system provides a 
method of reading eigjit bits into storage while using six-bit 
card code. 



Eight-bit code is read by using tier 3 of the card to provide 
two extra bits for each column in tiers 1 and 2. These bits 
are designated C and D. For tier 1 columns, the 4 bit of the 
corresponding tier 3 colunm serves as the C bit, and the 8 
bit serves as the D bit. For tier 2 the 1 bit of the corres- 
ponding tier 3 column serves as the C bit, and the 2 bit 
serves aS the D bit. For example, columns 1 and 33 use 
column 65 for their C and D bits, columns 2 and 34 use 
colunm 66, etc. Figure 1 -7 shows an example of program 
card code punching. The full card code including the 
characters that must be punched to obtain eight-bit code 
are shown in Appendix B. 
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Figure 1-7. Program Card Code 
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ADDRESSING 



INSTRUCTION FORMATS 



Byte locations in storage are expressed in binary forn> and 
consecutively numbered from hexadecimal 0000 to the 
upper limit of storage. Appendix D explains the binary 
number system, and Appendix E contains the hexadecimal 
representation for addresses 0000 to 4095. The location of 
any field or group of bytes is specified by the address of 
either the leftmost (high-order, lowest address) byte or the 
rightmost (low-order, highest address) byte of the field, 
depending on the instruction. 

An address used to refer to main storage can bo specified 
by either of two methods; direct addressing or base- 
displacement addressing. The type of addressing to be 
used is specified by bits 0-3 of the first byte of the instruc- 
tion. These four bits are treated as two groups of two bits 
each, group 0-1 and group 2-3, Bits and 1 control address- 
ing for operand 1 ; bits 2 and 3 control addressing for oper- 
and 2. When bits for group 0-1 = 11, operand 1 is not used; 
when bits for group 2-3=11, operand 2 is not used. 



Direct Atf dressing 

When either or both of bit groups 0-1 or 2-3 equals 00, the 
specified operand uses direct addressing. 

When direct addressing is employed, the storage address is 
taken directly from the instruction. The address in the 
instruction is two bytes long. 



System/3 provides three instruction formats of varying 
length. These instruction formats are distinguished by their 
ability to address storage. The length of each instruction is 
determined by the type of addressing being performed. 

As Figure 1-8 shows, all instruction formats have two 
elements in common: the opcode and the Q code. Each 
of these elements is one byte. The op code determines the 
type of addressing to be performed (and thereby the length 
of the instruction) and the operation to be performed. The 
function of the Q byte is determined by the instruction 
being performed and will be discussed with each individual 
instruction. 



Command Instructions 

Command instructions are always three bytes long. In a 
command instruction the Q code contains the following 
information, depending on the instruction: 

1 . Device address and fxmction specification. 

2. Jump condition. 

3. Hah identifier (tens position). 

The command instruction is distinguished by having bits 
0-3 of the op code all ones. 



One-Address Instructions 



D 



Base-Disp/acement Addressing 

A specified operand uses base-displacement addressing when 
either or both of the bit groups have one bit = 1 and the 
other bit = 0. 

In base-displacement addressing, the contents of the one- 
byte address in the instruction is added to the contents of 
a two-byte address in an index register. The index register 
to be used is determined by the bit of the bit group that is 1 . 
If the low-order bit (bit 1 or bit 3) is 1, index register 1 is 
used. If the high-order bit of the bit group (bit or bit 2) 
is 1 , index register 2 is used. Both bit groups can use the 
same index register during the execution of an instruction. 



One-address instructions can be either three or four bytes 
long. These instructions are distinguished by having either 
bits 0-1 or bits 2-3 of the op code byte both ones. The two 
bits that are not both one (0 and 1 , or 2 and 3) can be 01 , 
10, or 00. If these bits are 00, addressing is direct and the 
instruction is four bytes long. If the bits are 01 or 10, 
addressing is base displacement; the instruction is three 
bytes long; and index register 1 (01) or index register 2 (10) 
is used. The Q byte of a one-address instruction can contain: 

1 . An Lnunediate operand. 

2. A mask. 

3. A branch condition. 

4. A data selection. 



Any one vaJue of an index register allows access to 256 
storage positions. 
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Command Instruction 
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Two-Address Instructions 

Two-address instructions can be four, five, or six bytes long. 
This instruction type is distinctive in that neither bit group 
0-1 nor bit group 2-3 of the op code byte are both ones. If 
all four of bits 0-3 are zero, addressing is direct, and the 
instruction is six bytes long. If any one of bits 0-3 is one, 
one of the addresses is direct, the other address is base 
displacement, and the instruction is five bytes long. If one 
bit from each of the bit groups is one, all addressing is base 
displacement and the instruction is four bytes long. 

The index register to be used in base displacement addressing 
for either operand is determined by the bit in the bit group 
that is 1 . If the bit group = 01 , index register 1 is used; if 
the bit group =10, index register 2 is used. Both addresses 
can use the same index register during one instruction. 



Two Address Instruction — Operand 1 Address Direct 
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Figure 1-8. Instruction Formats 
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IBM 5410 Processing Unit 
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The processing unit (Figure 2-1) is the heart of the system. 
It controls the input of data to the system (by calling for 
data when required), the output of data from the system, 
and the operations performed on the data while it is in the 
system. 
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PROCESSING UNIT DATA FLOW 



Figure 2-2 shows the data flow for the basic processing unit. 
Data is taken from storage througli the storage data register 
(SDR) to the B register. From the B register data enters 
the arithmetic-and-logical unit (ALU) to be operated on 
and directed to one of the following units: 



1. 

2. 
3. 

4. 
5. 



Op code register, 

Q register. 

Condition register. 

One of the local storage registers (LSRs). 

Out to an I/O unit. 



1 



-• ^ 






The data can also be sent to the SDR to be returned to 
storage. In certain operations part of the data is returned 
to storage from the SDR without passing through the B 
register and ALU. 

Data coming into the system enters the A register, passes 
through ALU, and enters storage through the SDR. 
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Figure 2-1. Processing Unit 
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Figure 2-2. Processing Unit Data Flow 



Storage 

Main storage consists of 8,192; 12,288; 16,384; 24,576; 
32,768; or 49,1 52 positions of magnetic core storage. Eadi 
position has its own distinct address (method of locating 
the position). Each position can store an eight -bit unit of 
information and a parity bit called a byte. Coded combina- 
tions of bits within a byte can represent alphabetic, numeric, 
or logical data. 



Main storage holds data and the instructions, or program, 
that control the operation of the system. For each job per- 
formed by the system, certain portions of main storage are 
assigned to store instructions and certain portions to store 
data to be processed. 
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Storage Data Register 



Condition Register 



This register serves as a place to store data temporarily as it 
passes between the processing portions of the processing 
unit and main storage. Data can enter the storage data 
register from ALU or from main storage. Data can be sent 
from the storage data register to either the B register or to 
main storage. The storage data register in an 8,192 storage 
position CPU holds one byte of data. In every other CPU, 
the storage data register holds two bytes of data; however, 
only one of these bytes is addressed during a single CPU 
cycle. 



The condition register stores bits that indicate what hap- 
pened as the result of processing various operations. For 
example, bits in the condition register can indicate a high, 
a low, or an equal condition after a compare operation; 
after an arithmetic operation, bits may indicate that a 
binary or decimal overflow has occurred. The program can 
test this register for these conditions. 

The various bits of the condition register are assigned names 
as follows: 



Bit 



Name 



A and B Registers 

The A and B registers serve as temporary storage for data to 
be processed by the ALU. Each of these registers holds one 
byte of data and each can be entered from several other 
units in the data flow. 



Arithmetic-and-Logical Unit 

The ALU performs all the arithmetic and logical functions 
for the processing unit. It is capable of decimal add, 
decimal subtract, binary add, binary subtract, compare 
logical AND-OR, pass A register, and pass B register func- 
tions. AU data that is to be moved from any unit in the 
data flow to any other unit in the data flow {except the 
storage address register and A and B registers) must pass 
through the ALU. (Data enters the A and B registers only 
if it is to pass through ALU,) ALU accepts two bytes of 
input and produces one byte of output. 



7 
6 


Equal 
Low 


5 
4 


High 

Decimal overflow 


3 


Test false 


2 
1 



Binary overflow 

Unassigned 

Unassigned 




The bits are referred to by these names in the remaining 
sections of this manual. 



Q Register 

This register accepts the Q byte from the instruction. The 
Q byte is read from this register to circuitry that controls 
the operations performed by instructions. 



Storage Address Register 

The storage address register (SAR) holds the address that 
is to be accessed in main storage. The SAR holds two bytes. 



Op Code Register 

The op code register holds the op code byte of each instruc- 
tion taken from storage to enable the control circuitry to 
perform the desired operation. 
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Local Storage Registers 



Address Recall Register (ARR) 



The local storage registers contain data and addresses re- 
quired for the execution of instructions. Each of the local 
storage registers contains two bytes. 

In the following text, these acronyms apply: PI = program 
level 1 , P2 = program level 2 (which applies only to systems 
with the dual programming feature), IAR= instruction ad- 
dress register, PSR = program status register, XR = index 
register, and DAR = data address register. 

Ptessing the system reset key resets PI lAR, PI PSR, and 

P2 PSR to zero. Pressing the program load key resets PI 
lAR, PI PSR, P2 PSR, and the I/O (MFCU or Disk) DAR 
that was used for the program load function, to zero. All 
other lARs, XRs^ and I/O LSRs must be initialized by a 
load register instruction or a load I/O Instruction prior to 
their use. Fetching the first instruction from storage sets 
the PSR to condition equal. After the execution of the 
first instruction, the PI PSR resets to condition equal unless 
the Instruction itself has caused some condition other than 
equal to exist, in which case the PI PSR sets to the result- 
ing condition. 



The address recall register is used by certain instructions to 
store a beginning address for execution of the instruction 
or the address of the next sequential instruction. As with 
the instruction address register there are address recall 
registers for program levels 1 and 2 and for interrupt levek 
0, 1, and 4. The address recall register is affected only by 
branch, decimal, and insert-and-test characters instructions. 

After a system reset or program load key is pressed, the 
values of the ARR and the lAR may have been exchanged, 
so the value in the ARR should not be used as though it 
remained constant throughout the system reset or program 
load operation. 



Operand 2 Address Register (AAR) 

This register is set during instruction readout from storage 
and is used to address the various bytes of operand 2. It is 
updated as each indhndual byte of operand 2 participates in 
the execution of the instruction. This register cannot be 
addressed by the program. 



I r^struction Address Register (lAR) 

This register contains the address of the instruction bytes 
as they are addressed* It is increased by one each time an 
instruction byte is taken from storage. The basic group of 
registers contains two instruction address registers: the 
instruction address register for program level 1 (the main 
program in the basic system, which does not have the dual 
programnung feature installed) and the instruction address 
register for interrupt level 1 (the interrupt level for the data 
entry keyboard or the printer-keyboard). In feature 1 there 
are instruction address registers for: program level 2 (if 
dual programming feature is installed), interrupt level (if 
dual programming feature is installed), interrupt level 2 (if 
BSCA is installed), and interrupt level 4 (if SIOC is in- 
stalled). When the system reset or program load key is 
pressed, the lAR register is reset to zero. 



Index Registers (XR 1 and XR2) 

Two index registers are provided in the base system. These 
16-bit registers contain the base address for base-displace- 
ment addressing. A second pair of index registers is pro- 
vided with the dual programming feature. 



Program Status Register (PSR) 

Separate program status registers are provided for the base 
system (program level 1 program status register) and for 
the second program level provided by the dual programming 
feature (program level 2 program status register), The high- 
order byte is used as a length count recall register during an 
interrupt. The low-order byte is used as a condition recall 
register during an interrupt. Loading this register automat- 
ically sets the condition register to the same value. 
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Operand 1 Address Register (BAR) 



MFCU Read Address Register (MRDAR) 



This register is set during instruction readout and is used to 
address the various bytes of operand 1 as they are required 
by the instruction. This register is updated as each individual 
byte of operand 1 participates in the instruction. This 
register cannot be addressed by the program. 



This register contains the address of the high-order (leftmost) 
byte of the MFCU read data field in CPU storage (the storage 
area into which data is entered by the MFCU reader). 



Disk Control Address Register (DCAR) 



MFCU Print Data Address Register (MPTAR) 

This register holds the address of the high-order (leftmost) 
byte of the MFCU print data field in CPU storage. 



This register is installed on systems equipped with an IBM 
5444 Disk Storage Drive. It holds the address of the high- 
order (leftmost) byte of the 5444 disk control field in CPU 
storage. 



Line Printer Data Address Register (LPDAR) 

This register holds the address of the higji-order (leftmost) 
byte of the line printer (5203 or 1403) data field in CPU 
storage. 



Disk Drive Control (Address) Register (DDCR) 

This register is installed on systems equipped with an IBM 
5445 Disk Storage Drive. It holds the address of the hi^- 
order (leftmost) byte of the 5445 disk drive control field 
(DDCF) in CPU storage. 



Disk Data Address Register (DDAR) 



Line Printer image Address Register (LPIAR) 

This register holds the address of the high-order (leftmost) 
byte of the CPU storage field that stores an image of the 
character order for the line printer chain (or train). 



This register is installed on systems equipped with an IBM 
5444 Disk Storage I>rive. It holds the address of the high- 
order (leftmost) byte of the CPU storage area reserved for 
5444 disk data; that is, this register indicates the CPU 
storage location assigned to receive data from or to supply 
data to 5444 disk storage. 



MFCU Punch Data Address Register (MPDAR) 

This register holds the address of the high-order (leftrnost) 
byte of the MFCU punch data field in CPU storage. 



Length Count/Data Recall Registers (LCR andDRR) 



Disk Drive Data (Address) Register (DDDR) 

This register is installed on systems equipped with an IBM 
5445 Ehsk Storage Drive. It holds the address of the high- 
order (leftmost) byte of the CPU storage area reserved for 
the 5445 disk data; that is, this register indicates which 
CPU storage area is to receive information from or to sup- 
ply information to 5445 disk storage. 



These two registers occupy one LSR. Each is one byte in Serial I/O Channel Address Register (SIAR) 

size. The length count register stores the length count from 

two-address instructions. The data recall register is used in 

two-operand type instructions to hold a byte of one operand 

while a byte of the other operand is retrieved from storage. 

These registers are not accessible to the program. 



This register is available only when the serial I/O channel 
special feature is installed. It stores the address of the high- 
order (leftmost) byte of the field into which or from which 
serial I/O channel data is transferred. 



1442 Data Address Register 

This register is installed on systems equipped with an 
IBM 1442 Card Read Punch. It holds the address of the 
high-order (leftmost) byte of the 1442 data area in storage. 
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CYCLES AND PHASES 

Each operation that the processing unit performs is per- 
formed in two phases: instruction phase and execution 
phase. Some instructions combine the phases so that there 
is no distinct execution phase. 

During the instruction phase, the processing unit retrieves 
an instruction from storage. The op code byte of the instruc- 
tion is sent to the op register, the Q byte is sent to the Q 
register, and the operand addresses are developed and sent 
to the address LSRs, 

During the execution phase, the instruction just retrieved 
from storage is executed to perform the desired operation. 
The data contained in the operands is retrieved from storage 
and examined, moved, or modified as directed by the 
instruction. 

The time interval in which the processing unit reads one 
byte from storage or writes one byte into storage is known 
as a cycle. The processing unit must perform at least three 
cycles for each instruction (3 bytes x 1 cycle per byte). 
Cycles (accesses to storage) can also be taken by the I/O 
units. 



Storage access cycles are designated by the phase in which 
they occur, and the type of operations performed in them 
is as follows: 
Cycle Operation 

I-Op The op code is moved from the storage to the 

op code register. 

1-Q The Q byte is moved from storage to the Q 

register. 

1-R Third instruction cycle when the instruction 

uses no addresses. 

I-Xl Establishes the fust operand address in BAR 

when the first operand is addressed by base 
displacement. 

I-Hl Establishes the high-order byte of the fust 

operand address in the high-order byte of the 
BAR when the fust operand is directly 
addressed, 

1-Ll Establishes the low-order byte of the first 

operand in the low-order byte of the BAR when 
the first operand is directly addressed. 

I-X2 Establishes the second operand address in the 

AAR when the second operand is addressed by 
base displacement. 

1-H2 Establishes the high-order byte of the second 

operand address in the high-order byte of AAR 
when the second operand is directly addressed, 

I-L2 Establishes the low-order byte of the second 

operand address in the low-order byte of the 
AAR when the second operand is directly 
addressed. 

E-A Moves a byte of the second operand from 

storage to the data recall register, 

E^B Moves a byte of the first operand from storage, 

operates on it, and retunis it to storage. 

I/O Moves a byte of data between storage and an 

input/output unit. 
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TIMESHARING 



Interrupt Operation 



System/3 operates in a mode known as time sharing. Time 
sharing is a mode of operation in which I/O operations are 
overlapped with processing operations so that processing 
operations can continue while I/O operations are in process. 
This is accomplished by allowing I/O units to steal proces- 
sing unit cycles between processing cycles. The processing 
unit must check the I/O units to determine when an 1/0 
operation is completed and the input data can be used or 
the output data can be replaced with the new data. 



When an interrupt is acknowledged, at the completion of 
the instruction in process, the processing unit interrupts 
execution of further instructions based on the interrupted 
program's instruction address register and proceeds to 
execute those instructions designated by the interrupting 
level's instruction address register. The interrupted instruc- 
tion address register and address recall register remain 
intact. The interrupting program is responsible for storing 
and restoring index registers 1 and 2 and the program 
status register for the interrupted program. The end of 
the interrupt routine is signaled by a start 1/0 instruction 
telling the interrupting device to reset its interrupt request. 
Figure 2-3 shows the recommended generalized interrupt 
routine. 




INTERRUPT 



Certain I/O units require special subroutines to handle data 
entered by them within a limited period of time or for 
other similar reasons. To provide for these special sub- 
routines, an interrupt system is installed. This interrupt 
system permits the processing unit to change state as a 
result of a condition external to the system. External 
conditions encountered in System/3 originate at an I/O 
device that has requested special attention by the processing 
unit. Generally, an interrupt implies that the processing 
unit must interrupt a current instruction sequence, perform 
an intervening instruction sequence requested by the 
interrupting I/O device, and return to the interrupted 
program. 

It is apparent from the nature of an interrupt that a means 
of retaining the stopping point of an interrupted program 
and the starting point of an intervening program is an 
important characteristic. The system provides an instruction 
address register and an address recall register for each level 
of interrupt. 



Interrupt Priorities 

Five levels of interrupt have been implemented in System/3. 
I/O devices and their interrupt levels, in order of descending 
priorities, are: 

Serial I/O Channel Level 4 

Unassigned Level 3 

BSCA Level 2 

Data Entry Keyboard or Printer Keyboard Level 1 

Dual Programming Control (Interrupt Key) Level 

Any level of interrupt can interrupt the main program or 
any lower level of interrupt. 



I 



1 



Store current 
index registers 1 
and 2 and load 
zeros (n proyem 
status register. 



Execute 

Interrupt 

Routine 



Load original 
values back 
into Index 
Registers 1 and 2 
and Program Status 
Register 



Start I/O to 
reset Interrupt 
Request 



_^ Automatic Exit From Routine 



1 



Unconditional 
Branch to 

® 



Note; The interrupt inetruction adj^ess regiKter must be 

set to the address of(A)or(B)be<ore the first Interrupt 
occurs. The normal operation of the processing unit 
will leave tha interrupt instruction address register at 
the address ofTs^at the end of the interrupt routine. 

Figure 2-3. Intemipt Routine 
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INPUT/OUTPUT FACILITIES 



Channel Limitations 



The processing unit acts as a controller for all I/O devices 
operating over a single I/O attachment interface. The I/O 
devices time-share the processing unit according to defined 
priorities established for each device. 

The processing unit communicates with the I/O devices via 
an interface called the Input/Output Channel, The I/O 
channel consists of: 

1. A set of signal lines that carry information to and 
from the processing unit. 

2. Logic to establish cycle steal and interrupt priorities 
and to translate card code data into EBCDIC and 
EBCDIC to card code. 



Channel Organization 

The channel serves as a data and instruction path between 
the processing unit and the I/O attachment circuits of the 
attached I/O devices. The device I/O attachments are 
integral with the processing unit. All I/O attachments are 
connected to the same set of signal lines in the channel 
Thus, the recognition of its own address by a device is the 
only indication a device has that its services are required. 



Device Control 

The following instructions control I/O devices: 

1. Start I/O. 

2. Load I/O, 

3. Sense I/O. 

4. Test I/O and Branch. 

5. Advance Program Level 

Each of these instructions carries within itself the address 
of the device that is to perform the operation and the 
exact operation to be performed. The individual formats 
of these instructions will be discussed in the chapters 
dealing with the individual I/O devices. 

The interrupt mode was discussed earlier in this chapter. 
The second mode of operation is the cycle steal mode. 
In this mode of operation the I/O device is started by a 
start I/O instruction, then is left to perform its operations 
until storage is required by those operations. When stor- 
age is needed, the I/O device is allowed to steal one or 
more cycles from other processing unit operations in 
order to store or retrieve from storage the necessary data. 
The processing unit then continues to perform other 
operations until the I/O unit requires storage cycles again. 



In certain system configurations, overlapped I/O operations 
may cause I/O devices to experience data overrun condi- 
tions. Data overrun occurs when requests for I/O cycle 
steals are not granted in the time limit required for a de- 
vice. The result of the overrun may cause loss of data and 
on the 5424 and 5203 this condition is not detected. There- 
fore, when programming I/O device operations, only those 
devices should be overlapped which do not cause overrun 
conditions. The following chart gives those allowable con- 
figurations: 



Devices 


Groups of Devices that Avoid 
Data Overrun - Read Down 


5444 


X 


X 






X 




5445 


X 




X 


X 






5203» 




X 


X 






X 


1255,1270, 
3881" 


X 


X 


X 


X 


X 


X 


SI OC (50 KB) 




X 




X 


X 


X 


3410/3411 








X 


X 


X 


BSCA 


X 


X 


X 


X 


X 


X 


5424 


X 


X 


X 


X 


X 


X 


MLTA 


X 


X 


X 


X 


X 


X 


1442 


X 


X 


X 


X 


X 


X 


1403* 


X 


X 


X 


X 


X 


X 


5471,5475*- 


X 


X 


X 


X 


X 


X 



*5203, 1403 Mutually exclusive devices 



•1255,1270, 
3881 



•♦*5471,5475 



Are SI OC attached deviccE. They 
are mutually exclusive and each 
excludes all other devices on the 
SIOC. 

Mutually exclusive devices 



IBM Required Special Equipment Engineering can deter- 
mine whether configurations involving high data rate de- 
vices, such as the RPQ items installed, will result in data 
overrun if IBM program products are not being used. Con- 
tact your IBM Sales Representative for this information. 
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DUAL PROGRAMMING FEATURE 

The dual programming feature provides the system with 
the capability to execute two independent programs on a 
time-sharing basis. This feature allows the processing unit 
to transfer to a different program when the current program 
must wait for completion of an I/O operation. This uses the 
high performance capabilities of the processing unit rather 
than forcing it to wait for completion of the execution by 
active I/O devices. 

The dual programming feature is program supported only on 
disk systems with 1 2,288 or more bytes of main storage. 
The feature allows two independent object programs to 
reside in storage simultaneously. 

The transfer from one program level to the other is called 
program level advance. Program level advance can be either 
automatic or program controlled. Unlike interrupt, program 
level advance does not require that index registers 1 and 2 
and the program status register be stored, because separate 
index registers, instruction registers, address recall registers, 
and program status registers are provided for each program 
level. 

An automatic program level advance occurs when: 

1 . Operation on one program level is instructed to halt. 

2. An r/0 device is instructed to operate when the device 
requires operator attention. 

3. An J/0 device is instructed to operate when the 
device is already performing an operation. 

A program controlled program level advance is accomplished 
by issuing an instruction. 



INSTRUCTION AND PROGRAMMING 
CONSIDERATIONS 

Because the instruction format is so variable and the length 
of the instruction is determined by the high-order hex digit 
of the op code byte, the following conventions will be used 
in discussing the instructions: 

1. A high-order digit of X in the op code designates a 
two-address type of instruction. The actual high- 
order hex digit of the op code can be any of: 0, 1, 

2, 4, 5, 6, 8, 9, or A. 

2. A high-order digit of Y in the op code designates a 
one-address instruction using operand 1 addressing. 
The actual high-oider hex digit of the op code can be 

3. 7, or B. 

3. A high-order op code digit of Z designates a one- 
addiess instruction using operand 2 addressing. The 
actual high-order hex digit in the op code can be C, 
D, or E. 

4. A high-order op code digit of F designates a command 
type instruction and is the true hi^-order hex digit 
of that op code. 

5. Op codes axe expressed in hexadecimal notation, Q 
codes may be expressed in either hexadecimal or 
binary notation or may have symbols to indicate the 
signiftcance of the individual bits or groups of bits of 
the Q byte. 

6. Minimum length of the instruction wiU be shown in 
solid blocks; maximum and intermediate lengths 
will be indicated by dotted blocks attached to the 
minimum length blocks. 




Program Note: After a system reset, a program level advance 
from program level 1 to program level 2 will initialize the 
condition register to the high condition. 

Because one program can finish operating before the other, 
and thus require a new program to be entered while one of 
the old programs is running, it is the responsibility of the 
supervising program to ensure that the two programs do not 
use the same I/O devices or overlapping storage areas. 
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ARITHMETIC INSTRUCTIONS 
Zero and Add Zoned 
Mnemonic: ZAZ 



Instruction Timing: Time in microseconds = 1 .52 (N + LI 
+ L2) +1.52 (R). 



Op Code Q Byte 



Operand Address (2 to 4 Bytes) 



X4 



LI : L2 



"T 1 

I I 



Operation: The second operand is placed byte by byte in 
the first operand. Extra high-order zeros are inserted into 
those positions by which the first operand exceeds the sec- 
ond in length. The zone bits in each byte of the result 
except the rightmost are set to all ones. The zone bits of 
the rightmost byte of the first operand are set to all ones 
if the result is positive or zero. If the result is negative, the 
zone bits of the rightmost byte are set to 1 101 . The 
operands are addressed by theii rightmost bytes. Zero 
results are positive. 



Example: 



04 


22 


00 


10 


00 


20 


Operand 1 Before Operation 








F7 


F6 


F3 


F6 


F9 





oooc 



operand 2 



OOOD OOOe OOOF 



0010 (Addresses) 



F4 


F2 


F5 



001 E 001 F 0020 lAd<Aress«s) 



Operand 1 After Operation 



The first and second operand fields may overlap when the 
rightmost byte of the first operand is coincident with or to 
the right of the rightmost byte of the second operand. 

The Q byte designates the length of the two operands. L2 
is 1 less than the number of bytes in the second operand, 
LI is the number of bytes by which the length of the first 
operand exceeds the length of the second operand. LI and 
L2 are expressed in binary notation. The maximum length 
of operand 2 is 16 bytes. The maximum length of operand 
1 is 31 bytes. 

The second operand remains unchanged unless the fields 
overlap. No check is made for valid decimal digits in either 
operand. 



FO 


FO 


F4 


F2 


F5 



oooc oooD oooe ooof 

Condition Register Before Operation 



0010 (Addresses) 



00000000 



7 

Bits 



Condition Register After Operation 



00000100 



7 

Bits 



Next Instruction Address: Next Sequential Instruction 



Resulting Condition Register Settings: 



Equal 

Low 

High 

Decimal Overflow 

Test False 

Binary Overflow 



Result is zero. 
Result is negative. 
Result is positive. 
Not affected. 
Not affected. 
Not affected. 



MO 



Add Zoned Decimal 








Mnemonic: AZ 




Op Code Q Byte 


Operand Addresses (2 to 4 Bytes) 


X6 


LI » L2 

r 






1 1 
1 1 



Program Note: The decimal overflow condition code is 
reset only by machine reset or by testing decimal overflow 
with a branch-on-condition or jump-on-condition instruc- 
tion. Data stored in the address recall register is altered 
by this instruction. 



Instruction Timing: Time in microseconds = 
+ L2) +1.52 (R). 



1.52 (N + Ll 



Operation: The second operand is added algebraically to 
the first operand, byte by byte, and the result is stored in 
the first operand. The operands are addressed by their 
rightmost bytes. The zone bits of all except the rightmost 
byte of operand 1 are set to all ones. The zone bits of the 
rightmost byte are set to all ones if the result is positive or 
zero. If the result is negative, the zone bits of the rightmost 
byte of operand 1 are set to 1101. 

The Q byte specifies the length of the operands, L2 is 1 
less than the length in bytes of the second operand. LI is 
the number of bytes by which the length of the first operand 
exceeds the length of the second operand. The maximum 
length of operand 2 is 1 6 bytes. The maximum length of 
operand 1 is 31 bytes. 

The first and second operand fields may overlap if the 
rightmost byte of the first operand is coincident with or to 
the right of the rightmost byte of the second operand. 

The second operand remains unchanged unless the fields 
overlap. 

No check is made for valid decimal digits in either operand, 



Resulting Condition Register Settings: 



Equal 


Result is zero. 


Low 


Result is negative. 


High 


Result is positive. 


Decimal Overflow 


Carry occurred from the high- 




order position of operand 1. 


Test False 


Not affected. 


Binary Overflow 


Not affected. 



Example: 




Instruction 












06 


22 


00 


10 


00 


20 


Operand 1 Before Opefotion 








F7 1 


F6 


F3 


F6 


F9 





oooc oooD oooe ooof 



0010 lAddre»M] 



Operand 2 




F4 


F2 1 F5 



001 E 001 F 0020 (Addresses) 



Operand 1 After Operation 



F7 


F6 


F7 


F9 


F4 



OOOC 



OOOD 



OOOC 



OOOF 



0010 



Condition Regirtflr Before Operation 



00000000 

1 nil I 



7 

Bits 

Condition Register After Operation 



00000100 

I iinii 



7 

Bits 



Next Instruction Address: Next Sequential InstructiOfi 
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Subtract Zoned Decimal 
Mnemonic: SZ 

Op Code Q Byte 



Operand Addresses (2 to 4 Bytes) 



X7 


L1 1 L2 

1 







Program Note: The decimal overflow condition code is 
reset only by machine reset or by testing decimal overflow 
with a branch-on-condition or jump-on-condition instruc- 
tion. Data stored in the address recall register is altered 
by this instruction. 

Instruction Timing: Time in microseconds = 1.52 (N + LI 
+ L2) +1.52 (R), 



Operation: Operand 2 is subtracted algebraically from 
operand 1 , byte by byte, and the result is placed in operand 
1, The operands are addressed by their rightmost bytes. 
The zone bits of aU except the rightmost byte of operand I 
are set to all ones. The zone bits of the rightmost byte of 
operand 1 are set to all ones if the result is positive or zero. 
If the result is negative, the zone bits of the rightmost byte 
of operand 1 are set to 1101. 

The Q byte specifies the length of the operands, L2 is 1 
less than the number of bytes in the second operand, LI is 
the number of bytes by which operand 1 exceeds the length 
of operand 2. The maximum length of operand 2 is 16 
bytes. The maximum length of operand 1 is 31 bytes. 

The furst and second operand fields may overlap if the 
rightmost byte of the first operand is coincident with or to 
the right of the rightmost byte of the Second operand. 

The second operand remains unchanged unless the fields 
overlap. 



No check is made for valid decimal digits in either field. 



Resulting Condition Register Settings: 



Equal 


Result is zero. 


Low 


Result is negative. 


High 


Result is positive. 


Decimal Overflow 


Carry occuned from the high- 




order position of operand 1 , 


Test False 


Not affected. 


Binary Overflow 


Not affected. 



Example: 



Initnjction 



07 


22 


00 


10 


00 


20 


OperMid 1 Before Opw^ion 








F7 


F6 


F3 


F6 


F9 





oooc 



operand? 



OOOO OOOE GOOF 



0010 (Addresses) 



F4 


.2 


F5 



001 E 001 F 0020 (Addresses) 



Operand 1 After Operation 



F7 


F5 


F9 


F4 


" 



oooc 



oooo 



OOOE 



OOOF 



0010 



Condition Regftter Before Opention 



00000000 



° Bit. ' 



CondftJon flegitter After Operetk>n 



00000100 



o 7 
Bits 



Next Inttruction Addrets: Next Sequential Inttruction 



242 



Add Logical Characters 
Nfnemonic: ALC 

Op Code Q aytfl 



Operand Addreises (2 to 4 BytMl 



XE 


L 







Program Note: Binary overflow bit is reset duiing the 
instruction phase of this operation. 



Instruction Timing: Time in microseconds = 1.52 (N + 2L). 



Operation: The unsigned binary number contained in the 
bytes of operand 2 is added to the unsigned binary number 
contained in the bytes of operand 1. The result is stored in 
operand 1 , The operands are addressed by theii rightmost 
bytes. 

The Q byte specifies the length of the operands. L \s 1 less 
than the length in bytes of either operand. Both operands 
must be the same length. The maximum length of the 
operands is 256 (1 + hex FF) bytes. 

The operands may overlap if the rightmost byte of operand 
1 is coincident with or to the right of the rightmost byte of 
operand 2. 

Operand 2 is not changed unless it overlaps operand 1. 



Resulting Condition Register Settings: 



Equal 
Low 

High 

Decimal Overflow 
Test False 
Binary Overflow 



Result is zero. 

No carry occurred out of the high- 
order byte and the result is not zero. 
Carry occurred out of the high-order 
byte and the result is not zero. 
Not affected. 
Not affected. 

Cany occurred out of the high- 
order byte. 



Example: 



loftruction 



Index R«9iit«r 1 - OCCO 



ee 


03 


00 


10 


NSk 






Op«rHnd y Before Op«r«tlon 



00110101 


11001011 


11101101 


01100100 



OCBQ OCflE 

Optnnd2 



OCBF 



OCCO (Adck-nsM) 



01011011 


01010101 


01 11 1000 11001101 



OCCD OCCE OCCF 

Operand 1 After Op«ntion 



OCDO (Ada-esses) 



10010001 


00100001 


01100110 


oonoooi 



OCBD OCBE OCBF OCCO 

Condition Regittar Bfffnre Oparetion 



00000000 



LU 



Biti 



Condition Remitter After Op«r At Ion 



00000010 

> U I I i i I 



Bit] 



Next Inttructron Addrtn; Nixt Sequentii) Initruction 
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Subtract Logical Characters 
Mnemonic: SLC 



Instruction Timing: Time in microseconds = 1,52 (N + 2L), 



Op Code Q Byte 



XF 



Operand Addresses {2 to 4 Bytes) 

— — , — — I Example: 



Operation: The imsigned binary number contained in the 
bytes of the second operand is subtracted from the unsigned 
binary number contained in the bytes of the first operand. 
The result is stored in the first operand. The operands are 
addressed by their rightmost bytes. If the second operand 
is larger than the first operand, the answer is developed as 
though the first operand had an additional high-order 
binary digit. The result can never be negative. For example: 

First operand 0110 1101 
Second operand 0111 1110 

Result 1110 1111 

The Q byte specifies the length in bytes of the operands. L 
is one less than the length of either operand. Both operands 
must be the same length. The maximum length of the oper- 
ands is 256 bytes (1 + hex FF). 

The operands can overlap if the rightmost byte of operand 
1 is coincident with or to the right of the rightmost byte 
of operand 2, 

The second operand is not changed unless the operands 
overlap. 



Instruction 



Index flegister 2 = OCCO 



AF 



03 



00 



10 



Operand 1 Before Operation 



10O1O110 


01011010 


01110111 


10111111 



OCBD 
Operand 2 



OCBE 



OCBF 



OCCO lAdck-essesI 



011101 00 



10000110 



01100010 



10100100 



OCCD OCCE OCCF 

Operand 1 After Operation 



OCDO I Addresses) 



00100001 


11010100 


00010101 


00011011 



OCBD OCBE OCBF OCCO 

Condition Register Before Operation 



00000000 



Bits 



Condition Register After Operation 



0000100 
■ ■ ' "" 



Bits 



Next Instruction Address: Next Sequential Instruction 



Resulting Condition Register Settings: 



Equal 
Low 

High 

Decimal Overflow 
Test False 
Binary Overflow 



Result is zero. 

First operand is smaller than second 

operand. 

First operand is greater than second 

operand. 

Not affected. 

Not affected. 

Not affected. 
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Add to Register 

Mnemonic: A 



This instruction must not be used to add to more than one 
register at a time. The resuU of attemptijig to add to two 

registers simultaneously can be either incorrect parity or 
incorrect results in the registers. 



Op Code Q Byte Operand Address 



Resulting Condition Register Settings: 



Y6 


Q 





Operation: The unsigned binary number contained in the 
two-byte field addressed by the operand address is added 
to the contents of the two-byte register selected by the Q 
code. The result replaces the contents of the register. The 
operand is addressed by its rightmost byte and is not 
changed by the operation. 

The Q code selects the register to be modified- The high- 
order bit (bit 0) of the Q code determines which of two 
groups of registers will be modified. The remaining bits of 
the Q code determine which specific register within the 
group will be modified, 

If bit of the Q code is 0, the remaining bits cause 
modification of the registers as follows: 

Bit Register 

1 Program level 2 instruction address register. 

2 Program level 1 instruction address register. 

3 Instruction address register in use when the add-to- 
register instruction is executed. 

4 Address recall register. 

5 Program status register. 

6 Index register 2. 

7 Index register 1. 

If the high-order bit of the Q code is 1, the selected group 
is the five instruction address registers for the five interrupt 
levels. The instruction address registers are selected by the 
remaining bits as follows: 

Bit Interrupt Level 

None Interrupt level 0. 

1 Interrupt level 1 . 

2 Interrupt level 2. 

3 Interrupt level 3, 

4 Interrupt level 4, 



Equal 
Low 

High 

Decimal Overflow 
Test False 
Binary Overflow 



Result is zero. 

No carry occurred from the high- 
order byte and the result is not zero. 
Carry occurred from the high-order 
byte and the result is not zero. 
Not affected. 
Not affected. 

Carry occurred from the high-order 
byte. 



B 



Program Note: Even though this instruction can modify the 
program status register, the contents of the condition regis- 
ter will be placed in the low-order byte of the program status 
register during I-phase of the next instruction. 

The binary overflow bit in the condition register is turned 
off during I-phase of this instruction. 



Instruction Timing: Time in microseconds = 1.52 (N + 2), 



Example: 



36 


00000010 


00 


04 



Operand 1 



01001000 00100000 



0003 0004 

Index Register 2 



00110101 



011O1D1O 



Before Operation 



01111101 



10001010 



After Operation 
Condition flegifftar Attar Operation 



00000100 
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DATA HANDLING INSTRUCTIONS 

Move Hex Character 

Afnemonic: MVX 



Resulting Condition Register Settings: The condition 
register is not affected by this instruction. 



Instruction Timing: Time in microseconds = 1 .52 (N + 2). 



Op Code Q Byte 



Operand Address (2 to 4 Bytes) 



XB 


Q 







_ , Example: 
I 



! I 



InttructJon 



Operation: The numeric (low-order four bits) portion or 
the zone (high-order four bits) portion of the single-byte 
second operand is placed in the numeric portion or zone 
portion of the single-byte first operand. The second operand 
is not changed unless both operands address the same byte. 

The Q code specifies which portion of each operand is to 
be used in the operation. 

Hex Value ofQ Code Operand 2 Operand 1 



00 
01 
02 
03 



The high-order six bits of the Q byte should be all zeros. 



Zone 


to 


Zone 


Numeric 


to 


Zone 


Zone 


to 


Numeric 


Numeric 


to 


Numeric 



98 


01 


AO 


65 



Indtx Register 1 -2B15 
Index Register 2 * 1F20 

Operend 1 Before Operation 



2F 



1FC0 
Operend 2 



4C 



2B7A 
Operend 1 After Operetio 



CF 



1FC0 
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Move Characters 
Mnemonic: MVC 



Edit 

Mnemonic: ED 



Opcode 


Q Byte 


Operand Addresses (2 to 4 Bytes) 


xc 


L 






1 



Operation: The second operand is placed byte by byte in 
the first operand location. The operands are addressed by 
their rightmost bytes. One character can be propogated 
through an entire field by setting the operand 1 address 
one byte to the left of the operand 2 address. Operand 2 
is not changed unless the fields are overlapped. 



Op Code Q Byie 



XA 


LI 







Operand Addresses (2 to 4 Bytes) 




The Q code specifies the length of the operands. L is one 
less than the length in bytes of either operand. Both oper- 
ands must be the same length. The maximum length of the 
operands is 256 bytes. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Instruction Timing: Time in microseconds = 1.52 (N + 2L). 
Example: 



Operation: The decimal numeric characters in the second 
operand replace the bytes containing hex 20 in the edit 
pattern contained in the first operand. All characters other 
than hex 20 in the edit pattern remain unchanged. The 
zone bits of aU the replaced characters are set to aJl ones. 
The result of the edit operation occupies the first operand. 
The second operand is not changed. The operands are 
addressed by their rightmost bytes. The operands cannot 
be overlapped. 

The Q byte specifies the length of operand 1. Li is one less 
than the length in bytes of operand J . Operand 2 contains 
the same number of bytes as operand 1 contains hexa- 
decimal 20s. 



Instruction 



oc 


05 


1A 


06 


2B 


5A 


Operand 1 Before Operation 


D1 


CI 


D4 


C5 


E2 


40 


1A01 1A02 1A03 
Addresses 

Operand 2 


1A04 


1A05 


1A06 


D9 


06 


C2 


C5 


09 


E3 


2B55 2B56 2B57 
Addresses 

Operand 1 After Operation 


2B58 


2B&9 


2B5A 


D9 


D6 


C2 


C5 


D9 


E3 



1A01 



1A02 



1A03 



1A04 



1A06 



1A06 



Resulting Condition Register Settings: 



Equal 
Low 

High 

Decimal Overflow 
Test False 
Binary Overflow 



Second operand is zero. 
Second operand is negative. 
Second operand is positive. 
Not affected. 
Not affected. 
Not affected. 



Instruction Timing: Time in microseconds = 1,52 (N + Li 
+ L2). 



IBM 5410 Processing Unit 2-17 



Example: 



Instruction 



OA 


OA 


00 


BF 


00 


07 



Operand 1 Before Operatiofi 



% 


20 


* 


20 


20 


20 




20 


20 


Af 


• 



0065 0066 0067 0OB6 0069 006A 006B OOeC 006D 006E 006F 



Operand 2 






1 





8 





R 



0002 



0003 



0004 



0006 



0006 



Note: "R" represenrs "—9" 



0007 



Operand 1 After Operation 


















$ 





' 


7 





8 


■ 





9 


A!^ 


* 



0066 0086 0067 



00B8 0069 006A 0068 006C OOBD OOSE OOBF 



Location 0060 contains a 9 because the zone b»t) of all replac^kj characters (zeros) in the sdtt pattern are Mt to %i\ omu. 
Condition Code 



00000010 



7 

Bits 



Insert and Test Characters 
Mnemonic: ITC 



Opcode Q Byt« 



Operand Addresses 12 to 4 Bytes) 



XB 



LI 






Operation: The single character at the second operand 
address replaces all the characters in the first operand to the 
left of the [iisi significant digit. Only the digits 1 through 
9 are significant. The first operand is addressed by the left- 
most byte that can contain a character that should be re- 
placed. (For example, if the high-order byte of the field for 
the first operand contains a $, the first operand address is 
the address of the byte to the right of the dollar sign.) The 
operation proceeds from left to right. Filling operand 1 
with the character from operand 2 or encountering a signifi- 
cant digit in operand 1 ends the operation. 



2-18 



The Q byte specifies the length in bytes of operand I. LI is 
one less than the number of bytes in operand 1 from the 
first byte addressed to the end of the field. The second 
operand is a single byte. 



Move Logical Immediate 

Mnemonic: MVI 



At the end of this operation, the address of the first signifi- 
cant digit is placed in the address recall register. If no 
significant digit is found, the address of the byte to the 
right of the first operand is placed in the address recall 
register. The address recall register will be changed again 
only by a decimal, branch, insert and test characters, or 
test 1/0 instruction. 



Resulting Condition Register Settings: This instruction does 
not affect the condition register. 



Op Code Q Byte Operand Address 



YC 


10 





Operation: The data contained in the Q byte of the instruc- 
tion is moved into the byte located at the operand address. 




Instruction Timing: Maximum time in microseconds = 1.52 
(N + 1 + LI). 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Example: 



Instruction Timing: Time in microseconds = 1.52 (N +1). 



Instruction 



OB 



09 



00 



B6 



00 



10 



Operand 1 


Before Operation 


















$ 





/ 


1 





8 







9 


AS 


* 



0085 00B6 0067 00B8 0089 OOBA COBB OOBC OOBD OOBE 006F 



Operand 2 



0010 
Operand 1 After Operation 



s 


*' 


* 


1 





8 







9 


^ 


* 



00B5 00B6 00B7 0OB8 00B9 OOBA 006B OOBC OOBD OOBE OOBF 



Note that address 00B6 was not included in the first operand. 
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Example: 



Example: 



Instruction 



3C 


AF 


2F 


CB 



Instruction 



3A 


01011010 


00 


20 



OperafKl Before Operation 



00 



2FCB 
Operand After Operation 



AF 



2FCB 



Operand Before Operation 



00001100 



Operand After Operation 



01011110 



Sat Bits On Masked 

Mnemonic: SBN 



Set Bits Off Masked 
Mnemonic: SBF 



Op Code Q Byte Operand Address 



YA 


M 





Op Code Q Byte Operand Address 



YB 


M 







Operation: The byte of data contained in the Q byte (M) is 
used to set to one the conesponding bits in the byte located 
at ihQ operand address. Any bits in the operand that are 
already set to one remain set to one. A mask bit = one 
indicates that the corresponding operand bit is to be set to 
one. A mask bit = zero indicates that the corresponding 
operand bit is to remain unchanged. 



Operation: The byte of data contained in the Q byte (M) 
is used to set to zero the conesponding bits of the byte 
located at the operand address. Any bits in the operand that 
are already set to zero remain zero. A mask bit = one 
indicates that the corresponding operand bit is to be set to 
zero. A mask bit = zero indicates that the conesponding 
operand bit is to remain unchanged. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Instruction Timing: Time in microseconds = 1.52 (N + 1). Instruction Timing: Time in microseconds = 1.52 (N + 1). 
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Example: 



Instruction 



36 


10000001 


00 


30 



Operand Before Operation 



W1110O1 



0030 
Operand After Operation 



01111000 



0030 

Store Register 

Mnemonic: ST 

Op Code Q Byte Operand Address 



Y4 


Q 





If the high-order bit of the Q code is one, the interrupt 
instruction address registers are selected as follows: 

Bit Interrupt Level 

None Interrupt level 0. 

1 Interrupt level 1 . 

2 Interrupt level 2. 

3 Intenupt level 3. 

4 Interrupt level 4. 



Program Note: This instruction must not be used to store 
more than one register at a time. The attempt to store 
more than one register at a time can result in either incorrect 
parity and a parity check or in the registers containing 
incorrect data at the end of the operation. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Instruction Timing: Time in microseconds = 1.52 (N + 2). 



B 



Operation: The contents of the two-byte register specified 
by the Q code are placed in the two-byte field addressed by 
the operand address. The operand is addressed by its right- 
most byte. 

The Q byte specifies the register to be stored. The high- 
order bit of the Q byte, bit 0, specifies which of two groups 
of registers is to be addressed, and the low-order bit specifies 
which register within each group is to be stored. 

If the high-order bit is zero, the selected group consists of 
the following seven local storage registers, each represented 
by a single bit. 

Bit Register 



1 

2 
3 

4 

5 



6 

7 



Program level 2 instruction address register. 

Program level 1 instruction address register. 

Instruction address register in use when the store 

register instruction is executed. 

Address recall register. 

Program status register. The high-order byte of 

this register is the length count recall register and 

has no program significance. The low-order byte 

is the image of the condition register. 

Index register 2, 

Index register 1 . 



Example: 



Instruction 



34 


00001000 


B2 


BB 



Addrvtt Recall Regittur 



QA 


CD 



OperwKJ Befora Operatton 



2f 


C2 



B2BA B2Bfl 

Opefand Aftar Openrtion 



OA 


CD 



B2BA 



B2BB 
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Load Register 

Mnemonic: L 

Op Code Q Byte Operand Address 



Y5 



Operation: The contents of the two-byte field addressed 
by the operand address are placed in the local storage 
register specified by the Q byte. The operand is addressed 
by its rightmost byte. The operand is not changed. 

The Q byte specifies the register to be loaded. The high- 
order bit^ bit 0, of the Q byte specifies which of two groups 
of registers is to be loaded. 

If the high-order bit of the Q byte is zero, the selected 
group consists of the following seven local storage registers, 
each represented by a single bit. 

Bit Register 

1 Program level 2 instruction address register. 

2 Program level 1 instruction address register. 

3 Instruction address register in use when the load 
register instruction is executed. 

4 Address recall register. 

5 Program status register. The high-order byte of 
this register is the length count recall register and 
has no program significance. The low-order byte 
of this register holds a condition code and is loaded 
under special conditions described in the program- 
ming notes for this instruction. 

6 Index register 2. 

7 Index register 1. 



If the high-order bit of the Q byte is one, the Interrupt 
instruction address registers are selected as follows: 

Bit Interrupt Level 

None Interrupt level 0. 

1 Interrupt level 1. 

2 Interrupt level 2. 

3 Interrupt level 3. 

4 Interrupt level 4. 



Program Notes: 

1, This instruction must not be used to load more than 
one register at a time. The attempt to load more than 
one register can result in incorrect register contents. 

2. When the program status register is selected, the 
contents of the low-order byte of the operand have 
the following significance: 

Bit 7 = 1 : Set equal condition. 

Bit 6 = 1 : Set low condition if bit 7 = 0. 

Bit 6 = 0: Set high condition if bit 7 = 0. 

Bit 4 = 1 : Set decimal overflow condition. 

Bit 3 = I : Set test false condition. 

Bit 2 = 1 : Set binary overflow condition. 



When bit 7 of the operand = 0, bit 5 of the low-order 
byte of the program status register is set to 1 when bit 
6 of the operand = and set to when bit 6 of the 
operand = 1 . Bits 0, 1 , and 5 of the operand are 
ignored. The condition register is set at the same time 
as the program status register under these same 
controls. 



3. If program level 1 has been halted and this instruction 
is used by an interrupt routine to load program level 
1 instruction address register, program level 1 will be 
reset from the halt state and will proceed after all 
interrupts and I/O cycle steals have been serviced. The 
program level 1 halt indicators will be turned off. If 
the dual-programming feature is installed and this 
instruction is used in either program levd or in an 
interrupt routine to load the instruction address reg- 
ister for a halted program level, that program level 
will be reset from the halt state and will proceed 
according to normal priority. The halt indicators for 
that program level will be turned off. 



Resulting Condition Register Settings: This instniction 
does not affect the condition register setting unless the 
program status register is the register being loaded. 



Instruction Timing: Time in microseconds = 1,52 (N + 2). 
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Example: 



InitnictWMi 



» 


00000100 


00 


11 



OptrwuJ 



OOOGOOOO 



OOOOOOOQ 



0O1O ooti 



Progrwri Slatui RAgistw B«fon Op«nt>on 



0OOO11OO 001100Q1 



pTogrwT] St9tu« Rigffttr Afttf Op«r»lio« 



OOOOOOQO 



00OOO100 



Condltiofi Rtglittr Afttr Operation 



QO0QC10O 



Program Note: This instruction must not be used to load 
both index registers at the same time. The attempt to load 
both registers can result in incorrect data in the registers. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Instruction Timing: Time in microseconds =1.52 (N), 

Example: 

Initaictton 



D2 


02 


06 


\ndmx RcgiftW' 1 




BA 


IB 




Index R«g4tt«-2After 


Opemton 


BA 


1A 





E 



Load Address 
A^emonic: LA 



Op Codo Q Byte 



Operand 



Z2 



Operation: If the instruction is in the 4-byte format (op 
code C2), the 2-byte operand is taken from the instruction 
stream and loaded into the register specified by the Q byte. 

If the instruction is in the 3-byte format (op code D2 or 
E2), the 1-byte operand is taken from the instruction 
stream and added to the contents of the index register 
specified by the op code. The result of this addition is 
loaded into the register specified by the Q byte. 

Only index registers can be loaded with this instruction. 
Bits 6 and 7 of the code specify which index register to 
load as follows: 

Bit Register 



6 
7 



Index register 2. 
Index register 1 . 



LOGICAL INSTRUCTIONS 
Compare Logical Charactan 
Mnemonic: CLC 



op Code Q Byte 



Operand Addresses 12 to 4 Bytei) 



XD 


L 







r 

J 



Operation: The first operand is compared with the second 
operand, byte by byte, and the condition register is set 
according to the result of the comparison. Each operand 
is treated as a binary quantity. The operands are addressed 
by their rightmost bytes. Neither operand is changed as a 
result of this operation. 

The Q byte specifies the length of the operands, L is one 
less than the length in bytes of either operand. Both 
operands are the same length. 
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Resulting Condition Register Settings: 



Resulting Condition Register Settings: 



Equal 
Low 

High 

Decimal Overflow 
Test False 
Binary Overflow 



Operajids are equal. 

First operand is smaller than the 

second operand* 

First operand is greater than the 

second operand. 

Not affected. 

Not affected. 

Not affected. 



Equal 
Low 

High 

Decimal Overflow 

Test False 
Binary Overflow 



Operands are equal. 

Storage operand is smaller than the 

immediate operand. 

Storage operand is greater than the 

immediate operand. 

Not affected. 

Not affected. 

Not affected. 



Instruction Timing: Time in microseconds = 1.52 (N + 2L), Instruction Timing: Time in microseconds = 1.52 (N + 1). 
Example: Example: 



Inilruction 




















OD 


02 


00 


12 


00 


02 




Innruction 








3D 


7F 


00 


21 

















Operand 1 






27 


FA 


26 


Operand 2 


23 


FA 


26 



Condition Register 

p 

00000100 



Storage Operand 



7F 



0021 
Conditton Regitter After Operation 



00000001 



Compare Logical Immediate 

Mnemonic: CLI 

Op Code Q Byte Operand Address 



YD 


10 





Operation: The binary immediate operand contained in the 
Q byte is compared with the binary operand in storage 
located at the operand address. The result sets the condition 
register. Neither operand is changed as a result of this oper- 
ation- 



Test Bits On Masked 
Mnemonic: TBN 

Op Code a Byte Operand Address 



Y8 


Mask 





Operation: The bits of the storage operand located at the 
operand address are tested for bit = 1 as defmed by the 
mask contained in the Q byte. A mask bit = 1 indicates that 
the corresponding storage operand bit is to be tested; a 
mask bit = indicates that the corresponding storage oper- 
and bit is to be ignored. The result of the test controls 
setting of the condition register. The storage operand is 
not changed. 
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Resulting Condition Register Settings: 



Equal 

Low 

High 

DecimaJ Overflow 

Test False 



Binary Overflow 



Not affected. 

Not affected. 

Not affected. 

Not affected. 

Turned on if any of the designated 

bits in the storage operand is not 

= 1. 

Not affected. 



Program Notes : 

1 . If the mask is all zeros, the test false condition cannot 
be turned on, 

2, Test false condition can be turned off onJy (1) by a 
system reset or (2) by using test faJse as a condition 
in a branch-on-condition instruction or a jump-on- 
condition instruction. 

Instruction Timing: Time in microseconds =1.52 (N t 1). 

Example: 

Instruction 



Operation: The bits of the storage operand located at the 
operand address are tested for bit = as defined by the 
mask contained in the Q byte. A mask bit = 1 indicates that 
Ihe corresponding storage operand bit is to be tested; a 
mask bit = indicates that the corresponding storage oper- 
and bit is to be ignored. The result of the test controls 
setting the condition register. The storage operand is not 
changed. 



Resulting Condition Register Settings: 



Equal 

Low 

High 

Decimal Overflow 

Test False 

Binary Overflow 



Not affected. 

Not affected. 

Not affected. 

Not affected. 

Turned on if any tested bit is not 

zero. 

Not affected. 




38 


00010110 


00 


21 



Program Notes: 

1. If the mask is all zeros, the test false condition cannot 

be turned on. 
2- Test false condition can be turned off only (1 ) by a 

system reset or (2) by using test false as a condition 

in a branch-on-condition instruction or a jump-on- 

condition instruction. 



Storage Operand 



10010101 



0021 

Condition Register After Operation 



00010000 



Test Bits Off Masked 

Mnemonic: TBF 

Opcode Q Byte Operand Address 



Y9 


Mask 





Instruction Timing: Time in microseconds = 1.52 (N + 1). 
Example: 



Initructlon 



39 


01101100 


00 


25 



Storaos Operand 



10010100 



0026 
Condition Rtgiiter After Operatkin 



00010000 
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Branch On Condition 

Mnemonic: BC 

Op Code Q Byte- 



Resulting Condition Register Settings: 



Branch Address 



ZO 






Operation: The condition register is tested for the condition 
or conditions specified by the Q code. Bit of the Q code 
specifies whether the branch is to be performed on condition 
true (1) or condition false (0). Bit 1 is not used. 

If bit of the Q code is a one, and at least one of the con- 
ditions specified by bits 2 through 7 is present, the address 
of the next sequential instruction (lAR) is placed in the 
address recall register. The branch address is placed in the 

lAR and therefore becomes the address of the next instruc- 
tion. 

The address recall register will be changed by the next 
decimal, insert and test character, branch, or test I/O 
instruction 



Bits 2 through 7 of the Q byte define the condition register 
bits to be tested. More than one condition code bit can be 
tested at the same time. The Q code bits and the conditions 
tested are: 



m 


Condition Tested 


2 


Binary overflow. 


3 


Test false. 


4 


Decimal overflow 


5 


High. 


6 


Low. 


7 


Equal. 



When bit == 1 (condition true), if any of the conditions 
tested is 1, the branch occurs. When bit = (condition 
falseX the branch occurs if all of the conditions tested are 
zero. 



Equal 


Not affected. 


Low 


Not affected. 


High 


Not affected. 


Decimal Overflow 


Turned off if tested, otherwise not 




affected. 


Test False 


Turned off if tested, otherwise not 




affected. 


Binary Overflow 


Not affected. 


Program Notes: 





The Q code 80, X7, or XF (where X = through 7) 
causes the branch operation to perform as a no op. 
An unconditional branch occurs when the Q byte 
contains 00, X7, or XF (where X = 8 through F). 



Instruction Timing: Time in microseconds = 1.52 (N). 



Example: 



inttruction 



CO 


10001000 


02 


BF 



OBCC OBCD OBCE OBCF 

Condition Code Before Operation 



00011001 



Instruction Address Reginer After Operation 



02 


BF 



Addren Recall Register After Operation 



oe 


DO 



Condition Register After Operation 



0001 0OO1 
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Jump On Condition 
Mnemonic: JC 

Op Code Q Byte Control Code 



F2 


° 





Program Notes: 



1. 



2. 



The Q code 80, X7, or XF (where X = through 7) 
causes the jump operation to perform as a no-op. 
An unconditional jump occurs when the Q code is 00, 
X7, or XF (where X = 8 through F). 



Operation: The condition register is tested under control 
of the Q code. If the condition register satisfies the condi- 
tion or conditions established by the Q code, the one byte 
control code is added to the value in the instruction address 
register (the address of the next sequential instruction), 
and the sum becomes the address of the next instruction. 



When bit of the Q byte = 1 , the jump occurs on condition 
true; when bit = 0, the jump occurs on condition false. 

Bits 2 through 7 of the Q byte define the condition register 
bits to be tested. More than one condition register bit can 
be tested at the same time. The Q byte bits and the condi- 
tions tested are: 



at 


Condition Tested 


2 
3 


Binary overflow. 
Test false. 


4 


Decimal overflow 


5 
6 


High. 
Low. 


7 


Equal. 



Under condition true (bit 0=1) testing, the jump occurs 
if any of the conditions tested = 1 . Under condition false 
(bit = 0) testing, the jump occurs if all of the conditions 
tested = 0, 



Resulting Condition Register Settings: 



Equal 


Not affected. 


Low 


Not affected. 


High 


Not affected. 


Decimal Overflow 


Turned off if tested, otherwise not 




affected. 


Test False 


Turned off if tested, otherwise not 




affected. 


Binary Overflow 


Not affected. 



Instruction Timing: Time in microseconds = 4.56. 
Example: 




Irwtruction 



F2 


00110000 


OF 



OBBD OBBE OBBF 

Condition Register Before Operation 



00001001 



Instruction Address Register After Operation 



OB 


CF 



Condition Register After Operation 



00001001 



HALT INSTRUCTIONS 
Halt Program Level 

Mnemonic: HPL 



opcode Halt Identifier 



FO 


Tens 
Code 


Units 
Code 
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Operation: This instruction prevents the execution of the 
next sequential instruction and displays a halt identifier 
on a message display unit on the system control panel. The 
message display unit consists of fourteen indicators ananged 
as shown in Figure 2-4. These indicators are individually 
controlled by the bits in the halt-identifier bytes. The bits 
control the indicators as follows: 



lit 


Indicator Lighted 





Reserved 


1 


1 


2 


2 


3 


3 


4 


4 


5 


5 


6 


6 


7 


7 



The hex digits required in a byte to produce the common 
characters used as hall identifiers are shown in Figure 2-5. 
The display unit is turned off (reset to blank) when the halt 
operation is terminated. 

In systems without the dual programming feature the halt 
operation performs as a continuous branch to the beginning 
of the halt operation until the system start key is operated- 
Pressing the start key allows execution of the next sequen- 
tial instruction and turns off the display unit. 



CHAR- 
ACTER 


HEX 
CODE 


DISPLAY 
SEEN 


CHAR- 
ACTER 


HEX 
CODE 


DISPLAY 
SEEN 


None 


00 




A 


3F 


n 


1 


03 


1 
1 


b 


79 


b 


2 


76 


E 


C 


6C 


r 


3 


57 


3 


d 


73 


d 


4 


IB 


H 


E 


7C 


E 


5 


5D 


5 


F 


3C 


f 


6 


7D 


6 


H 


SB 


H 


7 


07 


1 


J 


63 


1 

u 


B 


7F 


8 


L 


68 


1 


9 


5F 


3 


P 


3E 


p 





6F 


n 
u 


U 


6B 


u 



rigure 2-5. Coding for HaJt Identifier Characters 



Example: 

I ^ Bits -01234567 

'_ State - X 1 1 1 1 ] 



Hex Codes 



In systems with the dual programming feature this operation 
results in an automatic program level advance. The re-entry 
point for the program containing the halt instruction is the 
address of the halt instruction. The halted program can be 
continued by pressing the halt reset key for that program 
level. This will also reset the display unit for that program 
level. 




Program Notes: 

1. The halt program level instruction performs as a no-op 
when it is used in an interrupt level program sequence. 

2. Program level I or program level 2 can be stopped with 
a halt program level instruction to wait for an interrupt 
request. The interrupt routine can modify an appro- 
priate program level instruction address register with 

a load register instruction to return to the halted 
program level at an instruction other than the halt 
instruction. The halted program level resumes opera- 
tion and the display unit is turned off immediately 
after such a load register instruction is executed and 
the interrupt is reset. The program level resumes 
operation according to normal priority. 



Resulting Condition Register Settings: This instruction 
does not affect the coiidition register. 



Tens 



Units 



Figure 2-4. Message Indicator Light Arrangement 



Instruction Timing: Time in microseconds = 4.56. 
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Example: 



Instruction 



FO 


6F 


03 



DJiplay Unit 



D / 



2. A start I/O instruction that specifies the reset of an 
interrupt condition is executed regardless of any unit 
check condition in the addressed device. 

3. Any unit check condition that does not prevent the 
execution of a start I/O instruction is reset by the 
start I/O instruction, and the instruction is executed. 

4. In systems with the dual programming feature, a start 
I/O instruction addressed to a device that is busy or 
not ready resuhs in a program level advance. In 
systems without the dual programming feature a 
simiJar start I/O instruction results in a loop on that 
instruction until the device is ready or not busy. 



Instruction Timing: Time in microseconds = 4,56. 




INPUT/OUTPUT INSTRUCTIONS 

Five specific instructions are provided for I/O operations. 
The op code for these instructions is the same for all I/O 
devices. Bits through 4 of the Q byte of these instructions 
provide a device address (DA) and modifier (M) bits. Bits 
5 through 7 of the Q byte provide an N code. These instruc- 
tions and the specific bits that should occupy each of these 
Q byte bit positions are discussed under the specific I/O unit 
or operation that uses them. 



Sense I/O 

Mnemonic: SNS 

op Code Q Byte Operand Address 



YO 


DAJMi N 
1 » 





Start I/O 

Mnemonic: SIO 

Op Code Q Byte Control Code 



F3 


DA IMJ N 





Operation: The contents of a data source specified by the 
N code portion of the Q byte are placed in the two-byte 
field specified by the operand address. A Q byte of 00 
specifies that the data source is to be the address/data 
switches on the system control panel. Specifications for 
other data sources are discussed with the appropriate I/O 
device sense I/O instruction. The operand is addressed by 
its rightmost byte. 



Operation: The operation of start I/O for each individual 
device is discussed under that device. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Program Notes: 

I . The start I/O instruction is no-oped if a unit check 
condition that prevents the execution of the start 
I/O instruction exists in the addressed device. 



Instruction Timing: Time in microseconds = 1 .52 (N + 2). 



Load I/O 








Mnemonic: liO 




Op Code Q Byte 


Operand Address 


Yl 


1 

DAiMiN 




• 
1 
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Operation: The contents of the two-byte field addressed 
by the operand address are transferred to a destination 
specified by the N code of the Q byte. The operand is 
addressed by its rightmost byte. A Q byte of 00 results in 
a no-op condition, [f the no-op status bit for the addressed 
device is on when the load I/O instruction is executed, the 
instruction is no-oped. 



Advance Program Level 
Mnemonic: APL 

Op Code Q Byio 



F1 



— TT- 

DA |MiN 



Not Used 



Pro-am Note: In systems Avith the dual programming 
feature installed, a load [/O instruction to a busy device 
results in a program level advance. In systems without the 
dual programming feature, a load I/O instruction to a busy 
device causes the program to loop at the load I/O instruction 
until the device becomes not busy. 



Resulting Condition Register Settings: The load I/O 
instruction does not affect the condition register. 



Instruction Timing: Time in microseconds = 1.52 (N + 2). 



Test I/O 


and Branch 






Mnemonic: 110 




Op Code Q Byte 


Branch-to- Address 


Z1 


1 1 

DAjMJN 




1 



Operation: In systems with the dual programming feature 
instaJled the program level advances if the conditions speci- 
fied by the N code of the Q byte exist at the addressed 
device. The re-entry point of the discontinued program 
level is the starting address of the advance program level 
instruction unless the program level advance is unconditional. 
The re-entry point for unconditional program level advance 
instructions is the next sequential instruction. If the 
specified condition does not exist, the operation is no-oped 
and no program level advance occurs. An unconditional 
program level advance occurs if the Q byte is 00. 

If the dual programming feature is not installed, this opera- 
tion causes the program to loop on the advance program 
level instruction until the specified condition no longer 
exists at the device. The program then proceeds with the 
next sequential instruction. An unconditional program 
level advance becomes a no-op in systems that do not have 
the dual programming feature installed. 



Operation: The condition specified by the Q byte is tested 
in the addressed device. If the condition is present, the 
branch to address is placed in the instruction address register 
and the next sequential instruction address is placed in the 
address recaU register. If the condition is not present, the 
next sequential address is used and the branch to address is 
placed in the address recall register. The address placed in 
the address recall register remains there until the next 
decimal add, decimal subtract, insert and test characters, 
or branch instruction is executed. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Program Note: The use of an N field specifying advance on 
unit check will result in a discontinuation of the program 
level when a unit check exists. If the dual programming 
feature is not installed, the program goes into a one instruc- 
tion loop. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Instruction Timing: Time in microseconds = 1.52 (N). 



Instruction Timing: Time in microseconds = 4,56. 
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DUAL PROGRAMMING INSTRUCTIONS 



Program Notes: 



The following instructions must be incorporated in the 
loader/supervisor program for dual programming control. 



Start I/O 

Mnemonic: SIO 



Program level advances are not executable in an 
interrupt level. Unconditional program level advances 
result in no-op operations, and conditional program 
level advances result in wait operations. 
To enable interrupt level 0, bits 5 and 6 of the control 
code must both be present, [nterrupt level cannot 
be enabled unless dual programming mode is enabled. 



Op Code Q Byte Control Code 



F3 


00 





Operation: This instruction controls the dual programming 
mode of operation and the dual programming interrupt 
level. The control code specifies the operation to be per- 
formed as follows: 

Bit Operation 




1 

2 
3 
4 
5 



Reserved. 

Reserved. 

Reserved. 

Reserved. 

Reserved. 

Enable dual programming mode when bit is 1 ; 

disable dual programming mode when bit is 0, 

Enable interrupt level (system control panel 

intenupt key) when bit is 1 : disable interrupt 

level when bit is 0. 

Reset interrupt request 0. 



The start I/O instruction to enable or disable dual program- 
ming mode provides programmed control over the system's 
ability to execute a program level advance. Enabling the 
dual programming mode allows both the automatic and the 
programmed advance of the program levels to occur. Dis- 
abling dual programming mode inhibits all program level 
advances and transforms them into wait operations. This 
instruction can be issued in either program level or in any 
interrupt level and will enable or disable all program level 
advances until another enable or disable instruction is given. 



Instruction Timing: Time in microseconds = 4.56. 

Test I/O and Branch 
Mnemonic: TIO 

Op Code Q Byte Branch-to Address 

1 

I 
I 



Operation: This instruction tests the setting of the dual 
programming control switch on the system control panel. 
The N code specifies the condition to be tested for as 
follows: 




Z1 


OOOOIMIN 
1 I 





Bits 
6 7 



1 

1 1 
I 



Condition 



Cancel program level. 

Load program level from MFCU. 

Reserved . 

Load program level from printer keyboard. 



Bit 5 defines the program level to be operated on: 

Bit 5 = 0: Program level 1. 
Bit 5 = 1 : Program level 2. 



Resulting Condition Register Settings: This instruction 
does not affect the condition register. 



Instruction Timing: Time in microseconds = 1.52 (N). 



IBM 5410 Processing Unit 2-31 



System Control Panel 



The system control panel (Figure 3-1) contains the switches 
and lights required to operate and control the system. 
System controls are divided into three sections: operator 
controls, customer engineering (CE) controls, and console 
display. 



CE Controls 
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Cover) 



System 
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Panel 
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m 
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Disk Control 
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System 
Controls 



Figure 3-1. System Control Panel 
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OPERATOR CONTROLS 

Emergancy Powflir Off and Meter Pana^ (Figure 3-2) 

Emergency Power Off 

This switch controls all power to the system. The switch 
is operated by pulling out on the knob and locks in the out 
position. Power can be restored to the system only by 
ij\tep/ention of nmntenance personnel. The integrity of 
the dAta in storage is not goarajiteed after operation of this 
switch. 

Usage Meter 

This meter records the time that the system is in operation. 
The meter records all the time that the processing unit is in 
operation from the time the start or load key is pressed 



until the job is completed. Time is not recorded when the 
processing unit is halted by either a manual or programmed 
halt» when a processor check stop occurs, when power is 
lost, or when the CE is servicing the system. When I/O 
operations are being per formed during a programmed halt, 
time is recorded on the meter until all 1/0 operations are 
completed. 



System Controli (Figure 3-3) 

Message Display Unit 

The two-position display unit lights from the halt identifier 
portion of a halt instruction. The halt identifier portion of 
a halt instruction is the unique codes contained in the second 
and third by tes of the instruction. When the dual program- 
ming feature is installed, the message display unit in this 
section of the system control panel is not used. 
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Figure 3-2. EPO and Meter Panel 



Figuie 3-3. System Control* 
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Processor Check Light 



Program Load Key 



The checks that turn on this light axe: 

1. Invalid op code. 

2. Invalid address. 

3. Parity check in the processing unit. 

4. Invalid Q byte in an I/O instruction, 

5. Parity error on an I/O data. 

6. Incorrect selection of an I/O local storage register by 
an I/O device. 

A system reset or operating the CE check-reset key turns 
this light ofi. 

The checks that light this indicator cause the processing 
unit to stop immediately. When the processing unit stops, 
data from any I/O operation that is in progress is lost. The 
specific check that caused the processing unit to stop is 
indicated in the display panel section of the system control 
panel. 



i/0 Attention Light 

This light turns on when an I/O unit is addressed and 
requires normal operator attention. The light turns off when 
the requirement for operator attention has been removed. 
Normal processing unit operation does not stop, but the 
I/O unit requiring attention will not accept a start I/O 
instruction until the condition is corrected. The I/O unit 
requiring attention lights an indicator to show what atten- 
tion is required. 

Typical I/O conditions that cause this indicator to light are: 

1 . Printer forms run-out. 

2. Printer cover open. 

3. MFCU hopper empty. 

4. MFCU stacker full. 

5. MFCU chip box fuU. 

6. MFCU cover open. 



This key initiates loading the program into main storage. 
The following actions occur when this key is pressed: 

1. All I/O and machine register, controls, and status 
indicators are reset. 

2. The instruction address register in use is set to zero. 

3. The MFCU read address register is set to zero. 

4. In disk systems the disk data address register is reset 
to zero, 

5. The first card in the primary feed of the MFCU or 
the first record on one of the disks in disk drive 1 is 
read into storage starting at location 0000. The unit 
that provides the first record is selected by a switch 
in disk system. In card systems only the MFCU 
primary feed can be used for program loading. 

When the program load key is released, the processing unit 
executes the instructions read into storage by pressing the 
program load key, starting at location 0000. 

If the selected I/O device is not ready, the I/O attention 
light will light when the program load key is pressed. It is 
necessary only to make the I/O device ready to complete 
the program load function. 




Stop Key/Light 

EVessing this key causes the processing unit to stop and the 
key to light. The processing unit stops at the end of the 
operation during which the key is pressed. I/O data transfers 
are completed without loss of information. Processing can 
be continued by pressing the start key. 



Power On/Off Switch 

This toggle switch controls the power to the system when 
the emergency power off switch has not been operated. 
When this switch is turned on, a system reset is performed 
in such a marmer that no I/O operations are performed 
until explicitly directed. The integrity of data in storage is 
not guaranteed after this switch is operated. 



Start Key 

Pressing this key takes the processing unit out of the stopped 
condition and turns off the stop key light. The start key is 
also used in conjunction with other controls on the system 
control panel to perform certain manual operations. In 
systems without dual programming, the start key clears the 
message unit and allows the program to proceed after a 
programmed halt operation. 
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Dual Program Control Panel (Figure 3-4) 

Message Display Units 

A message display unit is provided for each program level. 
These units operate in the same manner as the message 
display unit in the system controls. 

Process Lights 

These lights indicate which program level is functioning at 
any time. If an interrupt is being serviced, this indicator 
shows which index registers and program status register 
are in use. 



The interrupt key is lighted only when the system is in dual 
programming mode and interrupt level is enabled. Selec- 
tion of whether the system is to be used in the dedicated or 
the dual programming mode is accomplished via the start 
I/O instruction. The start I/O instruction is also used to 
enable or disable the use of interrupt level 0, 



Dual Program Control Switch 

This rotary switch is normally used in conjunction with the 
console interrupt key. The status of this switch is sampled 
by the test-I/O-and-branch instruction. 



Halt Reset Keys 

These keys are used to take a program level out of the 
programmed halt state. Pressing either of these keys clears 
the corresponding message display unit and allows the 
corresponding program to continue its normal operation. 



Interrupt Key/Light 

Pressing this key when it is illuminated causes the program 
in operation at that time to halt its nonnal operation and 
enter the intenupt-handling subroutine for interrupt level 0, 
Normal programmed operation will be resumed after the 
interrupt routine signals completion of interrupt servicing 
with a start I/O instruction to reset interrupt request 0. 



File Control Panel (Figure 3-5) 

Program Load Selector Switch 

This switch is used to select the unit from which program 
loading is to be done. The fixed disk and removable disk 
positions refer to drive 1 only. 



Start/Stop Switches 

These switches (one per drive) turn the disk drive power on 
or off when system power is on. With the switch in the off 
position, the removable disk can be replaced. 
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Figure 3-5. Disk Control Panel 



Ready Lights 

These lights (one for each drive) light when the disk drive 
is ready for use. If operation of the drive is attempted 
before this light turns on, the I/O attention light on the 
control panel will light. 



Register Display Unit 

The register display unit consists of a row of twenty lights 
and eight legend strips mounted on an eight-position roller- 
type switch. Rolling the switch knob selects the legend 
strip and the register to be displayed. The legend strips 
display the following information; 



Open Lights 

These lights (one for each drive) indicate that the associ- 
ated drive drawer can be opened for changing the removable 
disk. This light turns on when the start/stop switch is 
turned to the stop position, the read/write head has been 
retracted, and the disk has come to a stop. 



Strip Number Display 
1 



CONSOLE DISPLAY 
Display Panel (Figure 3-6) 

Address/Data Switches 

These switches are used in conjunction with controls on 
the CE panel to enter data into storage or to set up 
addresses for accessing storage. Each switch controls the 
setting of four bits in either storage or the storage address 
register. 



SAR HI and SAR LO-contents of the 
two-byte storage address register. 

LSR HI and LSR LO-contents of a local 
storage register selected by a switch on 
the CE panel 

OP REG-contents of the op register. 

Q REG-contents of the Q register. 

B REG-contents of the B register. 

ALU CTL-state of the following ALU 

controls: 

DIG CAR Digital Carry 

DEC Decimal Instruction 

RECOMP Recomplement 

ADD Addition 

SUB Subuaction 

TEMP CAR Temporary Carry 

AND Logical And 

OR Logical Or 
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Strip Number Display 



A REG— contents of the A register. 

ALU OUT"Output of the ALU. 

COND REG^contents of the condition 
register as follows: 

BIN OVF Binary Overflow. 

TF Test False. 

DEC OVF Decimal Overflow. 

HI High. 

LO Low. 

EQ Equal. 

CS ASNMT -cycle steal assignment as it 
is presented to the I/O devices. 

FNT LEV-Interrupt level indicating wdiich 
I/O device is interrupting the program. 

PROC CHK-the following causes of 
processor checks are displayed Most of 
these indications are useful only to the 
customer engineer, but some of them are 
useful in analyzing programming errors. 
I/O LSR-indicates that the selection 
of an LSR by an I/O device was not 
performed correctly. The CE LSR 
selector switch must be set to NORMAL 
to obtain an indication of an LSR 
parity check. 

LSR Fl -indicates that parity is 
incorrect on the output of the LSRs 
associated with disk storage and 
certain optional features. 

LSR F2-indicates that parity is 
incorrect on the output of the LSRs 
associated with certain optional 
features. 

LSR HI— indicates that parity is 
incorrect on the high-order byte out- 
put of the LSRs associated with the 
basic card system. 

LSR LO-indicates that parity is 
incorrect on the low-order byte out- 
put of the LSRs associated with the 
basic card systfem. 



Strip Number Display 

8 PROC CHK- (Continued) 

SAR Hl-indicates that parity is 
incorrect in the high-order byte of the 
storage address register. 

SAR LO— indicates that parity is 
incorrect in the low-order byte of the 
storage address register. 

INV ADDR-indicates that the address 
contained in the storage address regis- 
ter is outside the address range of the 
system, 

SDR— indicates that parity is incorrect 
in the storage data register. 

CAR— indicates that the carry out of 
the ALU is incorrect. 

CPU DBO-indicates that the proces- 
sing unit attempted to send data with 
incorrect parity to an I/O device. 

OP/Q-indicates that the op register or 
the Q register contains incorrect parity. 

INV OP-indicates that the byte in the 
op register does not specify a valid 
operation. 

CHAN DBO-indicates that the - 
processing unit sent data with correct 
parity to an I/O device, but the I/O 
device received data with incorrect 
parity. 

INV Q-indicates that the Q byte in 
the Q register is not valid. 

DBI-parity is incorrect on data 
received from an I/O device. 

A/B— parity is incorrect in the A 
register or the B register. 

ALU— parity is incorrect at the output 
of the ALU. 
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Machine Cycles Display 

These lamps are used by the CE in servicing the system. 

Clock Cycles Display 

These lamps are used by the CE in servicing the system. 

Power Check Light 

The power check light lights whenever the power switch is 
in the on position and power is not completely applied to 
the system, or whenever the power switch is in the off 
position and power rs not completely removed from the 
system (except in those areas within the power control 
circuitry where power is never completely removed). The 
following statements apply to power check light operation: 

1 . When the power switch is turned on, the power check 
Light will be on until power has sequenced aU the way 
up and the system is ready to operate, 

2. When the power switch is turned off, the power check 
light wfll be on until power has sequenced ail the way 
down. 

3. If system power is on and is then removed from the 
system because an over temperature has been detected 



(see Thermal Check Light), the power check light will 
be on until the power switch is turned off. 
4. If system power is on and is then removed from the 
system because a power fault has been detected, the 
power check light will be on until the power switch 
is turned off. 

After the power fault has been corrected, power is restored 
to the system by placing the power switch in the off posi- 
tion, pressing the check reset key, then turning the power 
switch to the on position. 



Thermal Check Light 

Whenever one of the system thermal sensors (located in the 
processing unit and in the line printer) detects an- over- 
tempeiatVLre condition, power is removed from the system 
and the thermal check light comes on. (The power check 
light also comes on, remaining on until the power switch is 
moved to the off position.) The thermal check light remains 
on until the over-temperature condition has been conected 
and the power switch has been turned off. Power can then 
be restored to the system by turning the power switch on. 

Figure 3-7 summarizes power check/thermal indications and 
the required action. 
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Figun5 3-7. Power Check/Thermal Indications and Action 
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Lamp Test Key 

Pressing this key turns on all the processing unit display 
lights. 



BSCA Operator's Panel (Figure 3-8) 

BSCA Attention Light 

The following table shows the conditions indicated by 
this light. 



Instruction 

Any receive or transmit and 
receive or <on non-switched 
and multipoint networks 
only) receive initial. 

Auto call or receive initial 
on switched network. 

Any SIO except control 
SIO. 



None. 



Condition Indicated 

Data set is not ready. 



Auto call unit power is off 
or data line is being used. 

Either O) the BSCA is dis- 
abled or (2) the external 
test switch is on and BSCA 
\s not in test mode. 

Data set is not ready. 



Unit Check Light 

This light turns on when any bit in status byte 2 is on. Also, 
when an SNS transition or SNS stop register instruction is 
executed, it is possible for an LSR, S register, or DBI regis- 
ter parity check to occur, resulting in a unit check condition 
with the unit check light on. Under such a condition, the 
status byte 2 bits may alJ be zero. 

The unit check indicator signifies that the BSCA prograjn 
should enter an error recovery procedure. 

Data Terminal Ready Light 

This light indicates that the BSCA is enabled and that 
the data terminal is ready for use. 
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* Rate select switch is for machines used outside the United States. 

If the rate selection feature Is specified on either of the BSCAs, 

it will be made available to both. 
** MLTA is available by RPQ only. 
t This reads LCA on machines equipped with the local 

comnaunications adapter (LCAl feature. 
tt This reads LCA/BSCA on machines equipped with 

the LCA feature. 

Figuie 3-8. BSCA/LCA Control Panel 



Data Set Ready Light 

The DT SET READY light indicates that the data set 
ready line from the data set is on and that the data set is 
ready for use. 



Clear To Send Light 

This light indicates that the clear to send line from the data 
set is on and that the adapter may now transmit. 
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Receive Trigger Light 



Control Mode Light 



This light indicates the status of the receive trigger. The 
light is on when the trigger is at a binary state. 



Transmit Trigger Light 



This indicator is used only on systems that have the station 
select feature installed. The light is turned on by an EOT 
sequence during a transmit, receive, or receive initial moni- 
tor operation when the station select feature is installed. It 
is turned off by the decoding of an SOH or STX. 



The TSM TRIGGER light indicates the status of the trans- 
mit trigger. The light is on when the trigger is at a binary 
state. 



Receive Mode Light 



Digit Present Light 

This light indicates that a digit has been obtained from 
storage for the auto call unit when the auto call feature 
has been installed. 



This light indicates that the adapter has been instructed to 
perform a receive operation. 



Auto Call Unit Pov\fer Off Light 



Transmit Mode Light 

The TSM MODE light indicates that the adapter has been 
instructed to perform a transmit operation. 



The ACU PWR OFF light indicates that the auto call unit 
(special feature) power is off. 



Call Request Light 



Receive Initial Light 

This light is turned on by an SIC receive initial instruction. 
It is turned off at the end of the receive initial operation. 



On systems with the auto call feature installed, this light 
indicates that the communication adapter has received an 
SIO auto call instruction and is performing an auto call 
operation. 



Busy Light 

This light indicates that the communication adapter is ex- 
ecuting a receive initial, transmit and receive, auto call, 
receive or loop test instruction. 



Data Line In Use Light 

On S3^tems with the auto call unit installed, the DT LINE 
IN USE light indicates that the data line occupied line from 
the auto call unit is on. 



Character Phase Light 

The CHAR PHASE light indicates that the adapter has 
established character synchronism with the transmitting 
station. The light is turned off at the end of receive 
operations and whenever character synchronism is lost. 



Test Mode Light 

This light indicates that the program has placed the adapter 
in a test mode of operation. 



External Test Switch Light 



Data Mode Light 

This light is turned on by the decoding of an SOH or STX 
during a transmit or a receive operation. It is turned off at 
the end of the transmit or receive operation. 



The EXT TEST SW light indicates that the switch at the 
data set end of the medium speed data set cable is in the 
test position. For high speed data sets, this indicator is 
active when the local test switch on the CE panel is in the 
on position. 
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Rate Select S)witch 



CE Panel (Figure 3-9) 



This switch, which is present orUy on systems instaUed out- 
side the U^.A. that have the rate selection feature as well, 
controls the rate of transmission and reception of data. 



CE CONTROLS 



CE Key Switch 

This switch is operated by the CE to prevent recording 
time when the system is being serviced. 



CE control switches should be altered only when the system 
is stopped. 



Cable Test Switch 

This switch is part of the plug at the remote end of theBSCA 
data cable (that is, at the data set end of the cable). The 
switch should be set at the operate setting except during 
BSCA diagnostic operations. This sv.ntch is provided v^lh 
data cables to medium speed data sets only. 



C£ Mode Selector 

This rotary switch selects one of thiee processing unit 
operating modes: the normal PROCESS mode, the STEP 
mode, or the TEST mode. Process is the normal mode for 
normal programmed system operation. 

In the step mode the rotary switch setting controls the 
manner in which the procesang unit perforn^s the stored 
program. 





On 



Or% 



I/O Parity 

Check Chack 
Stop Run 



Run Stop 



On 



Stora^ Addr 
Test Increm 

Run Off 




Step On 



BSCA 

On 



Off 

LDC8) 

T«t 



Addr I/O 

Compare Overlap 
Stop Off 



Adcjrass I/O 

Compefo Check 



CE 
Key 



\ 



@ © 



(CE USE METER) 



Normal 



SYSTEM 
RESET 




CHECK 
RESET 




BSCA* 
STEP 



)AR 
ARR 

OFF ~ 



I — Test Proce« Step — 

frjstr — 



^: 



XR1 
XR2 

'- OFF 



Display 
'Stof A 



LSR Display 
Selector 



_Altar_VT\ '^^'"L 
Stor f I Y Cycle 

_Alter_V y c^^_ 

SAR ^-— ^ 

CE Mode Selector 



If local comrnunicdtiont adapter feature is innalled, this BvsHtch Is labeled LCA/BSCA STEP. 



Figure 3-9. CE Cod trot Panel 
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1 . Instruction Step-Each time the start key is pressed 
and released the processing unit pei forms one com- 
plete instruction. Any SJO instruction causes the 
next sequential instruction to be executed without 
start key operation. 

2. Machine Cycle Step-Each Ume the start key is 
pressed and released the processing unit executes one 
machine cycle. 

3. Qock Step— Each time the start key is pressed and 
released the processing unit executes two clock cycles. 
During an SIO instruction the clock runs automatic- 
ally from the start of data transfer until data transfer 
is complete. The start key does not work while data 
transfer is taking place, 

I/O operations operate in their normal manner during step 
mode operations. 

The switch settings under the test mode permit the following 
operations: 

1. Alter SAR-With the CE mode selector switch set to 
this position, pressing the start key transfers the setting 
in the address/ data switches to the instruction address 
register in use at the time and into the storage address 
register. 

2. Alter Storage— With the switch in this position, 
pressing and releasing the start key transfers the data 
specified by the two rightmost address/data switches 
into the A register and into storage at the address 
specified by the SAR. 

3. Display Storage— Pressing and releasing the start key 
transfers the data at the address specified by the 
storage address register to the B register, and then to 
the Q register, where it can be displayed by the roller 
switch on the display panel. The data is not destroyed 
in storage. 

The storage test switch must be in the step position to avoid 
a processor check when the CE mode selector switch is 
moved between the alter storage position and the display 
storage position. 

Note: No test is made for invahd storage addresses when 
the CE mode selector switch is in one of the test positions. 



Check Reset Key 

Pressing this key resets the processor checks, input/output 
checks, and power check. Resetting these checks allows the 
processing unit to resume processing when the start key is 
pressed. The check reset key also immediately resets all 5445 
functions and status indicators. Therefore, do not press it 
while the 5445 attachment is processing I/O instructions. 

BSCA Step Key 

The BSCA STEP key, which is effective onJy when the 
communication adapter is in step mode, causes the com- 
munication adapter to advance one bit-time for each key 
depression. 



BSCA Local Test Switch 

This toggle switch sets the high speed data set into local 
test mode and causes data to be wrapped around through 
the data set with a start 1/0 loop test instruction in test 
mode. 



Fife (5444 Disk) Write Switch 

Wlien this switch is in the off position, write operations 
cannot be performed on 5444 disk storage. 



File (Disk) Write Switch 

When this switch is in the off position, write operations 
cannot be performed on disk storage. 



Address Compare Switch 

With the CE mode selector switch set to PROCESS, this 
switch set to STOP, and the register display switch set to 
SAR, the processing unit stops at the end of the cycle in 
which the storage address matches the address specified 
by the address/data switches. The processing unit is 
restarted by pressing the start key. 



System Reset Key 



CE Servicing Switches 



Pressing this key with the CE mode selector switch set at 
PROCESS mode causes all I/O and machine registers (not 
local storage registers) to be reset to zero. Program level 
instruction address register and both program status registers 
are reset to zero. All other local storage registers are 
unaffected. A complete program restart is normally required 
after a system reset. 



The following switches are used only by the customer 
engineer : 

1. Storage Test. 

2. Address Increment. 

3. 1/0 Overlap. 

4. I/O Check. 
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5. Parity, 

L PI, 

7. P2. 

8. BSCA Local Test. 



Address Compare Light 

This light lights whenever the address/ data switches match 
the address in the storage address register and the register 
display switch is set to SAR and the address conipare 
switch is set to STOP. 
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Altering Storage 



1- Press the stop key. 

2. Set the storage test switch to STEP. 

3. Set the CE mode selector switch to ALTER SAR. 

4. Set the address of the storage position you want to 
alter in the address/data switches. 

5. Press the start key, 

6. Turn the CE mode selector switch to ALTER STOR. 

7. Set the two rightmost address/data switches to the 
hex value you want in storage. 

8. Press the start key. 



I/O Check Light 

This lamp lights when certain I/O errors are detected by 
an addressed I/O device. The light is turned off by system 
reset or by the I/O device. This light is most useful to the 
CE, 



In order to resume normal operation it will be necessary 
to set the storage address register to the address of the 
instruction with which you wish to begin. This is accom- 
plished by the procedure described in "Altering Storage 
Addresses" above. 




LSH Display Selector Switch 

This switch selects the local storage register to be displayed 
by the LSR position of the register display switch. The 
LSRs displayed are the LSRs in use (program level 1 , 
program level 2, or an interrupt level). In the normal 
position, the register in use at any particular instant is the 
one displayed. The off positions are reserved for CE use. 
The switch must be in the normal position for LSR parity 
checks to be displayed. 



Displaying Storage 

1. Press the stop key. 

2. Set the storage test switch to STEP. 

3. Turn the CE mode selector switch to ALTER SAR. 
4- Set the address of the storage location you want to 

display in the address/data switches. 

5. Turn display roller to setting 5. 

6. Press the start key. 

7. Turn the CE mode selector to DISPLAY STOR. 
8- Press the start key. The byte stored will be 

displayed in the console lights. 



MANUAL OPERATION PROCEDURES 

Altering Storage Addresses 

This procedure is used to begin at a specific point in a 
program. 

1. Press the stop key. 

2. Turn the storage test switch to STEP. 

3- Turn the CE mode selector switch to ALTER SAR. 
4. Set the address/data switches to the desired address. 
5- Press the start key. 

If the CE mode selector switch is now turned to PROCESS 
and the start key is pressed, the processing unit will begin 
processing with the instruction located at the address just 
set in the SAR. 



To resume normal operation it will be necessary to set the 
storage address register to the address of the instruction 
with which you wish to begin processing. This is accom- 
plished by the procedure in "Altering Storage Addresses" 
above. 



Displaying Local Storage Registers 

1. Press the stop key. 

2. Turn the register display roller switch to LSR HI/ 
LSRLO. 

3. Turn the LSR display selector switch to the desired 
LSR. 
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Stopping at a Particular Address 

1. Set up the diesired address in the address/ data switches. 

2. Set the register display switch to SAR Hl/SAR LO. 

3. Set the address compare switch to STOP. 

Press the start key if the system is stopped. 

At the end of the cycle in which the desired address is used 
to access storage, the processing unit stops with the address 
compare light on. 



check points in the processing unit. Parity errors in data 
transferred from I/O units will cause this check to occur. 
Restart procedure for this operation must be determined by 
the programmer. 



Invalid Q Byte In An I/O Instruction 

This check indicates that the device address contained in 
the Q code of an I/O instruction addressed a unit that is not 
available to that system or that the N code in the Q byte is 
not valid for that I/O device. 



CHECK CONDITIONS 



Processor Checks 



Detection of any one of the following processor checks 
causes the system to come to an immediate stop and termin- 
ates all I/O data transfers. The processor check light turns 
on for each of these checks. The kind of processor check 
that stopped the system can be determined by turning the 
register display roller switch to the PROC CHK position. 



Invalid Address 

This check indicates that the storage address register contains 
an address outside the address range of the processing unit. 



I/O Attention 

This check indicates that the processing unit has addressed 
an I/O device that requires attention because of a condition 
that occurs during the normal course of operating the sys- 
tem. Such conditions are: empty hopper, full stacker^ full 
chip box, or forms runout. This check does not stop the 
processing unit. Recovery from this condition is accom- 
plished by returning the I/O device to ready status. 



Invalid Op Code 

This check indicates that the op register contains a code 
that is not recognized as a valid op code. 



Parity Check In The Processing Unit 

This check indicates that an even number of bits has been 
detected in a byte at one or more of the data or addressing 



Unit Check 

Unit check is detected by testing check indicators in the 
I/O devices. The existence of these check conditions is 
signaled to the operator by having the processing unit come 
to a programmed halt. The halt identifier is keyed to the 
operator's restart/recovery procedure listing. The testable 
error indicators are discussed in the chapters of this manual 
dealing with I/O devices. 
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IBM 5424 Multi Function Card Unit (MFCU) 



The MFCU (Figure 4-1) is the primary input/ output unit of 
the card system, providing the capability of performing unit 
record functions. The unit can feed cards from either of two 
hoppers, read the cards, punch the cards, print on the cards, 
and stack the cards in any of four stackers. 

Figure 4-2 shows the path cards take through the MFCU. 
Two hoppers are provided: the primary and the secondary. 
Cards can enter the unit and be read from either hopper. 
After the reading station, cards from the primary go to an 
upper level wait station; cards from the secondary go to a 
lower level wait station. From these wait stations either the 
primary or the secondary card can be advanced thiough the 
punching and piinting stations to the stackers. 



The following operations can be performed. 

1. Feed. 

2. Feed and read. 

3. Punch and feed. 

4. Punch, feed, and read. 

5. Print and feed. 

6- Print, feed, and read. 

7. Punch, print, and feed. 

8. Punch, print, feed, and read, 

9 . Selection of the card leaving the wait station into any 
of four stackers. 

These operations can be performed from either the primary 
or the secondary feed. 








^< 



Figure 4-1. IBM 5424 Multi-Function Caid Unit 
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Figure 4-2. MFCU Card Path 
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Any of the preceding actions is initiated by a start 1/0 
instruction. The action to be taken is specified by the Q 
byte and by the third byte of the instruction, called the 
control code. 



OPERATIONAL LIMITATIONS 

Because of its data transfer rate requirements, the 5424 is 
subject to data overrun when its operations are overlapped 
with other devices in certain system configurations. This 
condition is not detected by the 5424 and may result in loss 
of data. Refer to Chapter 2, "Channel Limitations" for 
allowable overlapped device configuration that will not 
cause overrun in the system. 



MFCU I/O INSTRUCTIONS 

The instructions issued to the MFCU are the same format as 
other instructions executed by the processing unit. These 
instructions are used to control all I/O units in the system; 
however, the instructions are individualized, by changing 
the Q byte, for each different 1/0 unit. 



Test I/O and Brar>ch 
Mnemonic: TIO 



Op Code Q Byte 



Branch-to Address 



Z1 



FiMiN 
_J I 
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Operation: The condition specified by the N portion of the 
Q byte is tested. If the condition exists, the next instruction 
is taken from the address specified in the address portion of 
the instruction. If the condition does not exist, the next 
sequential instruction is executed. 

The Q byte contains the device address, the M bit, and the 
N code. Bits 0-3 of the Q byte contain the device address 
(always F for the MFCU). Bit 4 is the M bit. When this 
bit is 0, the primary feed is tested; when the bit is 1 , the 
secondary feed is tested. 

Bits 5, 6, and 7 of the Q byte constitute the N code. The 
N code specifies the conditions that are to be tested as 
follows: 

NCode Condition 

000 Specified feed not ready/check condition exists. 

001 Read/feed busy. 

010 Punch data busy. 

01 1 Either or both read/feed or punch data is busy. 

100 Card printer busy. 

101 Read/feed is busy, card printer is busy, or both 
read/feed and card printer are busy. 

110 Punch data is busy, card printer is busy, or both 
punch data and card printer are busy. 

1 1 1 Any or all of the following aie busy: read/feed, 
punch data, or card printer. 

Read/feed becomes busy as soon as a start I/O instruction 
for the MFCU is accepted by the MFCU. Punch data be- 
comes busy when the MFCU accepts a start I/O instruction 
that specifies punching. Acceptance of an MFCU instruc- 
tion that specifies printing causes a caid printer busy indi- 
cation. The card printer becoming not busy does not 
indicate that the print operation is complete, because this 
indication drops (to allow another print instruction to be 
issued) before the print operation is completed. The 
occurrence of a feed check while any one of the busy 
conditions is active turns off the busy condition immedi- 
ately. Otherwise, the busy condition is turned off at the 
end of the I/O operation (except as noted for the card 
printer busy indication). 



Pro-am Note: The address not used for the next instruction 
(branch-to address for no-branch condition or next sequen- 
tial instruction address for branch condition) is retained in 
the address recall register until the next decimal, insert-and- 
test characters or branch instruction is executed. 



Example: 



Instruction 



CI 


F7 


02 


C4 



Resulting Operation: 

If the MFCU is performing any operation on the primary 
feed, the next instruction is taken from location 02C4* 
otherwise the next sequential instruction is executed. 



Advance Program Level 


Mnemonic: APL 


Op Code Q Byte 


Fl 


F IMIN 
L J 


Not Used 



Operation: If the dual programming feature is installed, 
tiie condition specified by the N portion of the Q byte is 
tested. If the condition exists, the address of the next 
instruction is taken from the instruction address register of 
the program level that is not active at the time the APL 
instruction is encountered. The program on this level now 
becomes the active program level, and the program level 
from which the advance occurred becomes the inactive 
program level. If the condition is not present, the next 
sequential instruction is taken and no program level advance 
occurs. If a program level advance occurs, the return point 
to the program level advanced from is the address of Uae 
start of the advance program level instruction. 
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If the dua] programming feature is not installed, the program Resulting Operation: 

loops on the advance program level instruction until the 

specified condition is not present, then executes the next 

sequential instruction. An unconditional advance program 

level instruction results in execution of the next sequential 

instruction. 



If the primary feed U not ready to feed cards or if an error condi- 
tion exists in the MFCU, the address of the next instruction Is 
taken from P2 lAR. If the primary feed is ready, the next instruc- 
tion will be taken from location O403 and following bytes. 



The Q byte contains the device address, the M bit, and the 
N code. Bits 0-3 of the Q byte contain the device address 
(always F for the MFCLf). Bit 4 is the M bit. When bit 4 is 
0, the prinnary feed is tested; when the bit is 1, the secondary 
feed is tested. 

Bits 5, 6, and 7 of the Q byte constitute the N code. The 
N code specifies the conditions that are to be tested as 
follows: 

N Code Condition 

000 Specified feed not ready/check condition exists. 

001 Read/feed busy. 

010 Punch data busy. 

01 1 Either or both read/feed or punch data is busy. 

100 Carti printer busy. 

101 Read/feed is busy, card printer is busy, or both 
read/feed and card printer are busy. 

1 10 Punch data is busy, card printer is busy, or both 
punch data and card printer are busy. 

1 1 1 Any or all of the following are busy: read/feed, 
punch data, or card printer. 

Read/feed becomes busy as soon as a start I/O instruction 
for the MFCU is accepted by the MFCU. Punch data be- 
comes busy when the MFCU accepts a start I/O instruction 
that specifies punching. Acceptance of an MFCU instruc- 
tion that specifies printing causes a card printer busy indi- 
cation. The card printer becoming not busy does not 
indicate that the print operation is complete, because this 
indication drops (to allow another print instruction to be 
issued) before the print operation is completed. The 
occurrence of a feed check while any one of the busy 
conditions is active turns off the busy condition immedi- 
ately. Otherwise, the busy condition is turned off at 
the end of the I/O operation (except as noted for the 
card printer busy indication). 



Example: 



Instruction (for program level 1 ) 



Load I/O 






Mnemonic: LIO 




Op Code Q Byte 


Operand Address 


Yl 


— r I 
f:m:n 
.1 1 




I 



F1 


FO 


CX) 



0400 



0401 



0402 



Operation: The contents of the two-byte field addressed by 
the operand address are moved to the local storage register 
designated by the Qbyte. If the selected register is busy, 
an unconditional program advance occurs if the system has 
dual programniing feature installed. If the dual programming 
feature is not installed and the selected register is busy, the 
program loops on the load I/O instruction until the register 
becomes not busy. 

The Q byte contains the device address, M bit, and N code. 
Bits 0-3 are the device address (always F for the MFCU). 
The M bit designates whether the start I/O operation that 
follows the load operation is to be performed in normal 
mode or in diagnostic mode. If bit 4 is 0, the operation is 
performed in normal mode; if the bit is 1, the operation is 
performed in diagnostic mode. 

The N code (bits 5, 6, and 7) specifies the register to be 
loaded. Only the following bit patterns are vahd: 

Bits Register 
36 7 

1 MFCU print data address register. 
1 1 MFCU read data address register. 
1 1 MFCU punch data address register. 

Any other bit patterns are invalid and cause processor check 
from an invalid Q byte. 

If diagnostic mode is specified (normally only for CE pur- 
poses) when loading the read data address register, read 
check data will be placed in storage starting with an address 
128 locations higher than the read address when the next 
start I/O instruction specifying reading is executed. Loading 
the punch data address register in diagnostic mode results 
in punch check data entering storage on the next start I/O 
instruction that specifies punching, starting 128 bytes 
above the punch data location. 
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Program Note: 

1 . A Q byte of 00 results in a no-op condition. 

Example: 

Inttnxrtion 



31 


F5 


02 


77 



Operand 



2F 



10 



0276 



0277 



MFCU Ra«d Data Addran Regittsr AHer Oparation 



2F 


,0 1 



Sense I/O 






Mnemonic: SNS 




Op Code Q Byte 


Operand Address 


YO 


f|m:n 




1 



Operation: Two bytes of status information presented to 
the processing unit by the I/O attachment circuitry are 
placed in storage in the field specified by the operand address. 
The field is addressed by its rightmost byte. 

The Q byte contains the device address (always F for the 
MFCU), an M bit that is not used in this instruction and 
should be 0, and an N code. The N code specifies the 
information to be stored as follows: 



^Code 


Information 


000 


Special indicators for CE use. 


001 


Special indicators for CE use. 


010 


Invalid. 


Oil 


Status indicators. 


100 


MFCU print data addiess register. 


101 


MFCU read data address register. 


110 


MFCU punch data address register. 


111 


Invalid. 



Use of an invalid code results in a processor check caused 
by invalid Q byte. 

Figure 4-3 shows the meaning of the status bits in the status 
bytes. The conditions that set the MFCU status bits are: 

1, Print buffer 1 busy: This indicator is turned on when 
a start I/O instruction that specifies printing from 
buffer 1 is accepted. The bit is reset when the printer 
has finished printing on that card. See Start I/O for 
the method of buffer selection, 

2, Print buffer 2 busy: This indicator is turned on when 
a start I/O instruction that specifies printing from 
buffer 2 is accepted. The bit is reset when the printer 
has finished printing on that card. See Start I/O for 
the method of buffer selection. 

3, Card in wait 1 : This indicator is set when read/feed 
becomes not busy if a card was fed or read from the 
primary hopper. This indicator is not reset if a docu- 
ment is manuaUy removed from the wait station. 



Bit 


Status Byte 2 


Status Byte 1 





Print Buffer 1 Bu«y 


Read Check 


1 


Print Buffer 2 Busy 


Punch Check 


2 


Card in Wait 1 


Punch Invalid 


3 


Card in Wait 2 


Print Data Check 


4 


Reserved 


Print Clutch Check 


5 


Hopper Cycle Not Complete 


Hopper Check 


6 


Card in Transport/Counter 
Bit 2 


Feed Check 


7 


Card in Transport/Counter 
Bit1 


No-Op 



Figure 4-3. MFCU Status Bytes 
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4. Card in wait 2: This indicator is set when read/feed 
becomes not busy if a card was fed or read from the 
secondary hopper. This indicator is not reset if a 
document is manually removed from the wait station. 

5. Reserved: Should be 0. 

6. Hopper cycle not complete; This indicator is set when 
a start I/O command is accepted for execution. It is 
reset by the card exiting from the hopper, 

7. Card in transport counter, bits 1 and 2: These two 
bits constitute a counter that keeps track of the 
number of cards between the wait station and the 
stackers. Every card that leaves the wait station adds 
1 to the counter. Every card that is directed to a 
stacker, except those stacked after a machine check, 
subtracts 1 from the counter. When a feed check 
occurs, the counter indicates the number of cards that 
were in the transport when the feed check occurred. 
These bits are reset to zero by turning power on and 
by non-process runout. 

8. Read check: This indicator is set if data is read from 
the card incorrectly. This check also sets the check 
condition that can be tested by a test-I/O-and-branch 
instruction. The read check indicator is reset by the 
next start I/O instruction, system reset, non-process 
runout, or check reset. 

9. Punch check: This indicator is set if the correct 
punches for the specified data are not selected. This 
check also sets the check condition that can be tested 
by the test-I/O-and-branch instruction. The punch 
check indicator is reset by the next start I/O instruc- 
tion, system reset, non-process runout, or check reset. 

10. Punch invalid: This indicator is set if the processing 
unit sends the MFCU a character that is not one of 
the 64 card code characters during a punch operation. 
If this bit is turned on, punch checking is not per- 
formed for the rest of the card. The indicator is reset 
by the next start I/O instruction, system reset, non- 
process runout, or check reset. This bit also sets the 
check condition that can be tested by a test-I/O-and- 
branch instruction, 

11. Print data check: This indicator is set if the print 
wheel loses synchronism with the processing unit. 
This check also sets the check condition that can be 
tested by the test-1/O-and-branch instruction. This 
indicator is reset by a sense I/O instruction that 
specifies the status indicators, system reset, check 
reset, or non-process runout. 

12. Print clutch check; This indicator is set when the card 
is printed on the wrong line, either too high or too 
low. This bit also sets the check condition that is 
tested by the test-1/O-and-branch instruction. Print 
clutch check is reset by a sense I/O instruction that 
specifies the status indicators, system reset, check 
reset, or non-process runout. 



13. Hopper check: Hopper check is set when the MFCU 
is instructed to feed a card and a card fails to leave 
the specified hopper. Hopper check causes the MFCU 
to become not ready. The hopper check bit is reset 
by non-process runout or by pressing the start key. 

14. Feed check: Feed check is set by any improper 
movement of the card tluough the feed and transport 
sections of the MFCU. Feed check causes the MFCU 
to become not ready and lights the NPRO bght. Feed 
check is reset by non-process runout. 

15. No-op; This indicator is set when the MFCU is issued 
a command it is unable to execute. This bit sets the 
check condition that can be tested by the test-I/O-and- 
branch instruction. The no-op indicator is turned off 
by the sense I/O instruction that specifies the status 
indicators, system reset, check reset, or non-process 
runout. 



Start I/O 

Mnemonic: SIO 



Op Code Q Byte Control Code 



F3 


i 1 

FiMpFunc 





Operation: The start I/O instruction is used to initiate any 
MFCU operation. If the MFCU is busy for that instruction 
or is not ready for any reason except unit check, the program 
wiD loop on the start I/O instruction until the MFCU 
becomes not busy or is made ready. In systems with the 
dual programming feature a start I/O instruction issued to 
an MFCU that is busy or not ready causes an automatic 
program level advance. If the start I/O instruction is issued 
when the MFCU is in the not ready condition, the I/O 
attention light on the system control pane) will light. Cor- 
recting the not ready condition causes the instruction to be 
executed. If the MFCU has a feed check when the start I/O 
instruction is issued, the instruction is no-oped and the no- 
op status bit is set, (Status bits are discussed in Sense I/O,) 

The Q byte defines the unit to operate and the operation to 
be performed. Bits 0-3 of the Q byte are the device address. 
For the MFCU this is always F. Bit 4 is a modifier bit that 
determines if the operation is to be performed on the pri- 
maiy card or the secondary card. If bit 4 is 0, the operation 
is performed on the primary card; if bit 4 is 1 , the operation 
is performed on the secondary card. 
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Bits 5 through 7 of the Q byte are called the N code. Each 
of these bits specifies one of the data functions the MFCU 
can perform (read, punch, or print), A card will be fed 
from the feed specified by the M bit for each start E/O 
instruction. If none of bits 5 through 7 is 1 , only feeding 
will be accomplished; no data will be transferred. The bit 
patterns cause operation as follows: 



Bits 


(deration 


567 




000 


Feed. 


001 


Feed and read. 


010 


Punch and feed. 


01 1 


Punch, feed, and read. 


100 


Print and feed. 


101 


Print, feed, and read. 


1 10 


Punch, print, and feed. 


1 1 1 


Punch, print, feed, and read 



The third byte in the instruction is a control code. It 
furnishes controls on reading and printing, and provides for 
stacker selection. The control code is bit significant as 
follows: 



Example: 



Instruction 



F3 


FF 


26 



Retult: 

96 columns read into storage baginning at the addrasi specified by 
ttie MFCU Read Data Address Rogistar. 

96 columns punched into card. Data taken from storage beginning 
at the location specified by the MFCU Punch Data Address Register. 

1 28 print positions printed (blank is considered a printed character). 
Data taken from print buffer 1 of the addresses beginning at the 
address specified by the MFCU Print Data Register. See Print 
Qpfation . 

Card in the secondary position of the wait station is punched, print- 
ed, and necked in stacker 2. 

The card to b« read is fed from the secondary hopper and after read- 
ing, is transported to the secondary wait station. 



E 



Bit Meaning 



1 
2 
3 
4 
5-7 



Print buffer address. When this bit is 0, print 

buffer 1 is used; when it is 1, print buffer 2 is 

used. See Print Operations. 

IPLReadif 1. 

Print four lines if 1 . See Print Operations, 

Reserved. 

Reserved. 

Select stacker according to the following: 



Bits 

56 7 



Select 



1 Stacker 4. 

1 1 Stacker 1 . 

1 1 Stacker 2. 

1 1 1 Stacker 3. 

Program Note: If an MFCU check that would prevent the 
execution of the start I/O instruction exists, the instruction 
is ignored (no-oped) and a no-op status bit is set In the de- 
vice attachment. If a check that will not prevent the execu- 
tion of the instruction exists, the instruction will be exe- 
cuted and the check will be reset. Conditions causing no- 
ops are: (1) feed check, or (2) either a punch or print in- 
struction has been issued without a card in the wait station. 



CARD READ OPERATIONS 

The read/feed functions of start I/O instructions move a 
card from the specified hopper to the corresponding wait 
station. If read is specified, the data contained in all 96 
columns of the card is transferred to storage at a field speci- 
fied by a load I/O instruction. The read data is checked to 
ensure that it is read correctly. An error in reading causes 
a read check. 

A load I/O instruction must be executed before each start 
I/O instruction that specifies card reading. This load I/O 
instruction must load the address of the high-order byte of 
the read data field into the MFCU read data address register. 
To meet performance specifications the addresses must be 
on 1 28 byte boundaries. 

The card feeding and reading rate is determined by the 
operations being performed. The rated reading speeds 
(250 cards per minute for model Al and 500 cards per 
minute for model A2) are for read operations only. If 
punching or printing is performed at the same time, the 
reading rate wiU be reduced to the rate at which punching 
and printing are performed. To maintain the rated reading 
rate, successive start I/O instructions specifying reading 
must be issued within 44 milliseconds (model Al) or 22 
milliseconds (model A2) after the read/feed busy indicator 
indicates not busy. The read/feed busy indicator can be 
tested with a test-I/O-and-branch instruction. 
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Program Notes: 



PUNCH OPERATIONS 



There are three MFCU print busy indicators. The 
card printer busy (testable with the TIG or APL 
instruction) comes on with the SIC instruction in- 
cluding print and goes off with the start of printing 
on the actual card. For maximum hardware overlap 
for rated throughput, the next SIC instruction in- 
cluding print can be issued and will be accepted by 
the hardware at this time. Because printing for the 
first card has not been completed, error checking 
(for print errors) cannot be done at this time. When 
the next APL or TIO instruction is issued (after the 
second SIC), it will indicate any errors on the first 
card, since the first card is now complete and the 
second card has arrived at the print station. However, 
printing may have been started or even completed on 
the second card. Therefore, an error indicated at this 
time may have occurred on either of the two cards. 

Print Buffer 1 Busy and Print Buffer 2 Busy (testable 
by SNS and TBN or TBF instructions) can be used to 
determine which MFCU print buffer (or buffers) is 
available. However, this busy indication drops just 
prior to the completion of the print operation. 
Consequently , an error condition can come up after 
this indication drops. 

After the last I/O operation in a program, a fiiial wait 
operation should be performed in which a wait is done 
on the card in transport/counter bits to become 0. 
This is to ensure that all cards have cleared the trans- 
port without feed checks and that no errors have 
occurred during the last I/O operations. 



Start I/O instructions that specify punching initiate moving 
a card from one of the wait stations, through the punch 
station and transport, to the stackers. As the cards pass 
through the punch station, data from storage is recorded in 
them in the form of punched holes. The punching is checked 
to ensure that the correct data is punched. An error causes 
a punch check. The punch data is checked to ensure that the 
data to be punched is valid for the 64 characters allowed in 
the card code. An error causes a punch invalid check. No 
punch checking is performed after a punch invalid check, 

A load I/O instruction must be executed before each start 
I/O instruction that specifies a punch operation. This load 
I/O instruction places the address of the high-order byte of 
the punch data field in the MFCU punch data address regis- 
ter. Column 1 of the card is punched with the data contained 
in storage at this address. Column 2 of the card is punched 
with the data contained in storage at the next higher address. 
The punch data fields must be on 128 byte boundaries. 

If a punch start I/O instruction is given with no card in the 
wait station, the instruction will be ignored and the no-op 
status bit will be set. 

Card punching is performed at a single rate for each model 
of MFCU, model A 1 at 60 cards per minute and model A2 
at 1 20 cards per minute. To maintain this throughput, 
successive punch start I/O instructions must be executed 
within 90 milliseconds (Al) or 45 milliseconds (A2) of 
the end of punch busy indication to the test-I/O-and-branch 
instruction. 



PRINT OPERATIONS 



IPLRead 

Pressing the program load key causes the following reader 
actions to occur: 

1. The MFCU read data address register is set to 0000. 

2. A read operation is performed from the primary 
hopper of the MFCU without a start I/O instruction 
being executed. 

The read operation is performed in the IPL card reading 
mode described in the introductory chapter of this manual. 
Reading in this mode (C and D bits taken from tier 3) can 
be continued by setting bit 1 of the start I/O instruction 
control code to 1 for each read start I/O instruction in which 
IPL mode reading is desired. IPL read can also be initiated 
by a start I/O operation. 



The start I/O print and feed or print and read operation 
initiates card motion from the selected wait station, through 
the punch and cornering stations, and into the print station 
where three or four lines of 32 characters each are printed 
on the card. If there is no card in the wait station, the 
instruction is ignored and the no-op bit is turned on in the 
status indicators. 

The print data area must be loaded before the start I/O print 
instruction is Issued. The print data area consists of two 
print buffers each of which is always 1 28 bytes in length 
even though only 96 bytes axe required when three lines 
axe printed. The buffers are located in main storage. They 
are defined to the MFCU attachment with a load I/O 
instruction that loads the address of the high-order byte of 
print buffer 1 into the MFCU print data address register. 
The print data buffer address must be on a 256 byte 
boundary. 
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The load I/O instruction should be given only onoe for each 
job or each time the print data address area changes. If the 
load I/O instruction is given while either print buffer is busy, 
an unconditional program advance (or loop on the load 
I/O instruction) occurs until both buffers axe free. This 
causes a loss of throughput. If power is lost for any reason, 
the print load I/O instruction must be re-executed before 
a start I/O instruction specifying printing is executed, or 
processor checks will occur if printing is attempted. 

The 128 byte print data area is printed on the card in the 
following manner: 

Line 1— Leftmost address to byte 32. 
Line 2-Bytes 33 through 64, 
Line 3-Bytes 65 through 96. 

Line 4-Bytes 97 through 1 28 if the fourth line of print 
is called for. 

The print buffer to be used for the print command is 
selected by setting bit of the control code portion of the 
start I/O instruction to for print buffer 1 and to 1 for 
print buffer 2. 

The MFCU prints any of the 64 characters in the card code. 
Any of the characters in the 256 character EBCDIC set that 
is not included in the card code prints as a blank without 
signaling the program. 

The rated throughput in print operations printing three 
lines is 60 cards per minute for the model Al» 120 cards 
per minute for the model A2. To maintain rated through- 
put, successive print operations must be initiated within 
600 milliseconds (Al) or 300 milliseconds (A2) after the 
end of print data busy indication to the sense and test bits 
operation. 



STACKER SELECTION 



Primary cards are selected to stacker 1 and secondary cards 
are selected to stacker 4 unless another stacker is specified. 
Stacker select is given by including the sUcker select infor- 
mation in the start I/O control code of any of the start I/O 
instructions previously described. Stacker selection is 
performed on the card in the wait station when the start 
I/O instruction is executed, not the card that leaves the 
hopper. For programmed stacker select to operate, the 
stacker bit (bit 5) of the control code must be 1. Selec- 
tion is made as specified under Start I/O. 



CHECK CONDITIONS 

Read Check 

Reading is checked by reading each set of three tiers twice 
and checking that both readings are the same. When a read 
check occurs, the incorrect card (assuming that the read 
check was discovered by a sense I/O conrunand before 
another start I/O instruction is executed) can be found in 
the wait station for the feed that produced the read check. 
The hopper that fed the card in error can be determined 
from the lights on the MFCU operator's panel. 



Punch Check 

Punching each hole in a column generates a signal that rep- 
resents that hole. After the colunm has been punched, all 
the signals for holes in the column are compared with the 
character code specified for that column. If the two do not 
match, a punch check occurs. The card that contains the 
inconectly-punched information moves to the stacker that 
was selected by the start I/O instruction that initiated the 
punch operation. 




COMBINED OPERATION 

Start I/O punch, print, read, or punch, print, feed operations 
proceed in the same manner as described for individual 
operations except that one card is fed from the wait station, 
punched into, and printed on before slacking. The next 
card is fed from the specified hopper into the wait station 
during punching. If read was specified, the data in the card 
is read into storage. To maintain rated throughputs, succes- 
sive punch, print operations must be initiated within 20 
milJi&econds after the end of the later of punch busy or 
print data busy indicators. 



Punch Invalid 

This condition occurs whenever the processing unit attempts 
to send an EBCDIC character that contains a C-bit or a 
D-bit to the MFCU for punching. The MFCU punches the 
B,A,8,4,2, and 1-bits, but not the C or D-bits, into the card 
for that character. Subsequent characters are punched into 
that card without punch-checking. The card containing the 
invalid character enters the stacker designated by the start 
I/O instruction that initiated the punch operation. 
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Print Data Check 



Hopper Check 



An error in the synchronization between the print wheels 
and the MFCU attachment circuitry causes a print data 
check. The card in error is in the stacker selected by the 
start I/O operation that initiated the print operation. 



Failure of a card to feed from the selected hopper causes a 
hopper check. The hopper that failed can be determined 
from the lights on the MFCU operator's panel. The card 
that failed to feed can be found in this hopper. 



Print Clutch Check 

An error in the synchronization between the MFCU attach- 
ment circuitry and the printer stepper clutch causes print 
clutch check. The card in error is fed to the stacker desig- 
nated by the start I/O instruction that initiated the print 
operation. 
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Either an IBM 5203 or an IBM 1403, but not both, can be 
used with the system. 



IBM 5203 PRINTER 

The IBM 5203 Printer (Figure 5-1) provides hard copy out- 
put from the system. This unit is also referred to as the line 
printer. The printer is available in three models. 

Model 1 — 100 lines per minute 
Model 2 - 200 lines per minute 
Model 3-300 lines per minute 

The standard print line is 96 print positions wide. Paper 
movement is controlled by the program. Interchangeability 
of type font, styles, or character arrangement is available on 
all models. All models come equipped with one interchange- 
able character set cartridge. 



, Line Printers 



A variety of features aie available to provide: 
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L 120 print positions 

2. 132 print positions 

3 . Dual feed carriage 

4. Universal character set "" ' ' 

5. Additional character set cartridges 

The printer uses a type cartridge with 240 characters on flie ' 
cartridge. The standard set of 48 characters, repeated five -^ 
times on the cartridge, permits the rated throughput of 100, 
200 or 300 lines per minute. The character set can be ex- •'' " 
panded from 48 to as many as 1 20 characters by using the ''^ 
universal character set special feature. However, when this 
feature is used, throughput will decrease depending on the 
text being printed. " " -"^'V 
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Figure 5-1. IBM 5203 Line Printer 
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5203 Operational Limitation 

Because of its data transfer rate requirements the,5203 is 
subject to data overrun when its operations are overlapped 
with other devices in certain system configurations. This 
condition is not detected by the 5203 and may result in loss 
of data. Refer to Chapter 2, "Channel Limitations" for al- 
lowable overlapped device configuration that will not cause 
overrun in the system. 

IBM 1403 PRINTER 

The IBM 1403 Model 2 or Mode] Nl can be attached to the 
system via an IBM 5421 Printer Control Unit. Each model 
produces a print line with 132 print positions. The charac- 
ter set can be expanded from 48 characters (basic) to as 
many as 120 characters by using the universal character set 
special feature. 

Model 2 requires an interchangeable chain cartridge adapter 
special feature for instalJation of the universal character set. 
Various type fonts, styles, and character arrangements are 
available. 

The printers use a type cartridge with 240 characters. The 
standard set of graphics, repeated Viwe times on the cartridge, 
permits the rated throughput of the standard models. Rated 
throughput, based on a 48-character set with single-line 
spacing, is: 

Model 2 - 600 lines per minute 
Model NI - 1 1 00 lines per minute 

Each printer has a dual speed carriage, where eight or fewer 
lines are skipped at a rate of 33 inches per second; larger 
skips occur at 75 inches per second up to the last 8 lines, 
which are always skipped at 33 inches per second. On Sys- 
tem/3 Model 10, all 1403 document movement is controlled 
by the stored program. 

Polyester film ribbon can be used for optical character rec- 
ognition and other quality printing applications on the 
IBM 1403. The model Nl accepts this ribbon without 
change to the basic machine, but the model 2 must be 
equipped with the auxiliary ribbon feeding feature to handle 
polyester film ribbon. 



PRINTER OPERATIONS 

Printer operation is controlled by the processing unit start 
I/O instruction. Programming testing of the printer status 
to estabhsh program branch decisions is performed by the 
test I/O and branch instruction and the sense I/O instruc- 
tion. 



Output data flow to the printer is from an I/O area in 
storage, designated as the line printer data area. The pro- 
gram must fully prepare the area before issuing a stait I/O 
line print instruction. 

A character set image is defined as the sequence of print 
characters as they appear on the print cartridge. Before line 
printer operations are begun, a given character set image 
must be loaded in an I/O area in main storage, designated 
as the line printer image area, for reference by the line 
printer I/O attachment. Thus, line printer flexibility is 
achieved with the abihty to alter the character set image at 
the printer via interchangeable cartridges and preloading of 
the altered character set image in storage. 

The line printer image and data areas in main storage are 
specified by the programmer. Load I/O instructions are 
used to specify to the printer attachment the location of 
the image and data in storage. 

Forms movement is also controlled by the stait I/O instruc- 
tion. Forms length must first be defined by a load I/O in- 
struction. The maximum length of forms is 14 inches (1 12 
spaces at 8 lines per inch or 84 spaces at 6 lines per inch 
spacing). Forms can be moved at either 6 lines per inch or 
8 lines per inch. Spacing can be performed in increments 
of 0, 1 , 2, or 3 lines. Skips can be any length up to the 
value established in the forms length register by the load 
I/O instruction. Instructing the 5203 to skip to a line that 
exceeds the value in the forms length register results in a 
check condition on the 5203. The 1403 skips to a line on 
the next form. The resultant line number is the difference 
between the forms length value and the line number to 
which the 1403 is programmed to skip. 

Detection of printing line location must be performed by 
the program. The sense I/O instruction enables the program 
to determine the location of the print line. This location 
must then be checked for forms overflow requirements, 
heading control requirements, and any other forms-locat ion- 
controlled forms movements. 



Print Area Restrictions 

The line printer data area and the line printer image area in 
storage must occupy certain regions within 256 byte bound- 
aries. That is, the high-order byte of the address can con- 
tain any value within the range of addresses of the particulaj 
system, but the low-order byte must contain particular ad- 
dresses. The particular addresses required are arranged such 
that the line printer data area and the line printer image area 
can (but are not required to) occupy regions within the 
same 256 byte area of storage. The following requirements 
must be met: 
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1. The 48-character set image must be in the 48 bytes 
having low-order address bytes of 00 throu^ 2F. 

2. The 1 20-character set image must be in the ] 20 bytes 
with low-order address bytes of 00 through 77. 

3. The line printer data for 96 print positions (5203 
only) must occupy the 96 bytes with low-order address 
bytes of 7C through DB. 

4. The line prijiter data for 120 print positions (5203 
only) must occupy the 120 bytes with low-order ad- 
dress bytes of 7C through F3. 

5. The line printer data for 132 print positions must oc- 
cupy the 132 bytes with low-order address bytes of 
7C through FF. 

The line printer data area in storage beginning at location 
XX7C corresponds character for character to the print line 
beginning at print position 1, 



Dual Feed Carriage Print Considerations (5203 Only) 

When dual feed carriage is installed, carriage instructions 
are referenced to the left and right carriages. When the dual 
feed carriage feature is not installed, only the left carriage 
commands are effective. 

When dual feed carriage is used, a minimum of 17 positions 
is lost between the last character on the left form and the 
first character on the right form (assuming carrier strips are 
used). 

For best print quality in dual feed carriage systems, the 
forms thickness should be the same in both carriages. 



INSTRUCTIONS 



The Q byte contains the device address (always E for the 
line printer), an M bit, and an N code. The M bit function 
depends on" whether the printer is a 5203 or a 1403. 

520S M-bit: Controls carriage selection in systems with 
the dual carriage feature. An M bit of 1 refers to the right 
carriage. An M bit of 1 when the dual carriage feature is 
not installed results in a processor-check stop caused by in- 
valid device address. 

1403 M-bit: An M bit of is required for normal print 
operations. An M bit of 1 normally results in a processor- 
check stop with the invalid Q-byte indicator on the register 
display unit lighted. However, if an M bit of 1 , an N code 
of 1, and a control code of 80 is used, the attachment enters 
a diagnostic mode, requiring all diagnostic instructions to 
carry an M bit of 1 . When the attachment is in the diagnos- 
tic mode, the 1403 is logically disconnected from the attach- 
ment. 

The N code specifies the print, space, and skip functions as 
follows: 

N Code Function 




000 


Space only. 


001 


Invalid. 


010 


Print and space 


oil 


Invalid. 


100 


Skip only. 


101 


Invalid 


110 


Print and skip. 


111 


Invalid. 



Specifying an invalid N code results in a processor-check 
stop caused by invalid Q code. 



Start I/O 
Mnemonic: SIC 
Op Code Q Byte 



F3 


1 i 
ElMJN 


Control 
Code 



Operation: This instruction can initiate either or both 
forms movement and printing. If printing is specified, the 
data contained in the printer data area of storage is printed 
as a single line, begiiming at the address specified in the line 
printer data address register. Unprintable characters and 
coded blanks (hex 40) print as blanks. Unprintable charac- 
ters set a testable indicator and remain In the data area. All 
positions in which characters are printed are set to hex 40. 
If forms movement is specified, the printer spaces or skips 
to the next print line as specified by the Q byte. 



The third byte of the instruction is a control code that 
specifies the number of spaces a form is to be moved. For 
space operations the form is moved the number of spaces 
corresponding to the decimal value of the binary number 
in the control code. The control code must specify only 
0, 1 , 2, or 3 for spacing operations. A space control code 
of 4 or more results in a space operation. In skip opera- 
tions, the control code specifies the line number that is to 
end the skip. This number can be any number from 
through 112. If the number exceeds the number of the last 
line of the form in a 5203, a check condition occui^. If the 
number exceeds the number of the last line on a 1403 form, 
the 1403 skips to a line equal to the specified destination 
less the forms length. A control code of 00 results in no 
carriage motion. A skip to a line number less than that at 
which the carriage is located results in a skip to the follow- 
ing page. A skip to the Une at which the carriage is located 
results in no carriage motion. 
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A parity error detected by the attachment results in a 
processor-check stop and lights the DBO parity check light. 
The attachment will no-op the instruction and set the no-op 
status bit if a device error exists when the start I/O is exe- 
cuted. 

If the printer is busy or intervention is required when the 
start I/O instruction is executed, the program loops on the 
start I/O instruction if the dual programming feature is not 
installed, or automatically program level advances if the 
dual programmijig feature is installed. 

In a system using a 5203 with a dual feed carriage, a control 
instruction for a specific carriage will be accepted if that 
carriage is not busy, but executic? is delayed until any 
printing from that or a previous instruction is completed. 
Forms motion of both carriages can be accomplished by 
giving a print and forms motion instruction to one carriage 
followed by a forms motion instruction to the other carriage. 

The no-op indicator indicates that the last SIO instruction 
issued was accepted but was not executed because of a 
printer check condition. The no-op indicator is reset by a 
system reset, a system check reset, or an SNS instruction. 

Programming Note: The first TIO for ready instruction 
issued after the no-op bit is set causes the program to 
branch. If the no-op bit is on, the program should issue 
the last SIO instruction used, because no data has been 
lost. 



Example: 



I ntt ruction 



F3 


E6 


16 



If the condition does not exist, the next sequential instruc- 
tion is used and the address from the operand address of the 
test I/O and branch instruction is placed in the address re- 
call register. The address recall register will not then be 
changed until the next decimal, insert-and-test-characters, 
or branch instruction is executed. 

The Q byte contains the device address (always E for the 
line printer), an M bit, and an N code. 

The M bit function depends on whether the printer is a 
5203 or a 1403. 

5203 Mrhit refers to the carriage in a dual feed carriage sys- 
tem. An M bit of refers to the left carriage; an M bit of 1 
refers to the right carriage. An M bit of 1 in a system with- 
out dual feed carriage results in a processor-check stop with 
an invalid device address indication. 

1403 M-bit of specifies a printer condition to be tested. 
An M bit of 1 with an N code of GDI specifies a test for 
diagnostic mode off; an M bit of 1 with any other N code 
is invalid. 

The N code controls the condition tested by the instruction 
as foDows: 



\lCode 


Condition 


000 


Not ready/check. 


001 


Invalid. 


010 


Print buffer busy. 


Oil 


Invalid. 


100 


Carriage busy. 


JOl 


Invalid. 


110 


Printer busy. 


111 


Invalid. 



The printer prints one line of Information 
end skips to line 22 on the form. 



The specification of an invalid N code results in a processor- 
check stop with an invalid Q code indication. 



Test I/O and Branch 

Mnemonic: TIO 



Operation: The printer attachment is tested for conditions 
specified in the Q byte. Jf the condition exists, the next in- 
struction is taken from the address contained in the operand 
address portion of the instruction and the next sequential 
instruction address is placed in the address recall register. 



Not ready/check condition becomes active any rime the 
printer becomes not ready for any reason. It becomes in- 
active when the reason for the not ready condition is re- 
moved. 

Print buffer busy becomes active when the printer accepts 
a start I/O instruction that specifies printing. It becomes 
inactive when the line has been printed but before carriage 
motion stops. 

Carriage busy becomes active when the printer accepts a 
start I/O instruction that specifies carriage motion. It be- 
comes inactive when carriage motion stops. 
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Printer busy becomes active as soon as the printer accepts 
any start I/O instruction and becomes inactive when the in- 
struction has been completely executed. 

A parity error detected by the attachment results in a 
processor-check stop and lights the DBO parity check light. 



Example: 



lnstructk>n 



The N code defines the conditions to be tested as follows: 
NCode Condition 



Dl 


EO 


21 



If the printer is not reedy or hts en error 
the next instruction will be talcen from 
en addren developed by adding Hex 21 to 
the contents of Index Reginer 1. 



Advance Program Level 
Mnemonic: APL 



Operation: The printer is tested for conditions specified 
by the Q byte. If the condition exists, systems with the 
dual programming feature advance the program level; sys- 
tems without the dual programming feature loop on the ad- 
vance program level instruction until the tested condition 
no longer exists. If program level advance occurs, the re- 
entry point of the program advanced from is the advance 
program level instruction. 

The Q byte contains a device address (always E for the line 
printer), an M bit, and an N code. 

The M bit function depends on whether the printer is a 
5203 or a 1403. 

3203 Mrbit refers to the dual feed carriage feature. When 
the M bit is 0, the left carriage can be tested; when the M 
bit is 1, the right carriage can be tested. If an M bit of 1 is 
used when the dual feed carriage is not installed, a proc- 
essor-check stop results with an invalid device address indi- 
cation. 

1403 M'bit of specifies a printer condition to be tested. 
An M bit of 1 with an N code of 001 specifies a test for 
diagnostic mode off; an M bit of 1 with any other N code 
is invalid. 



000 


Not ready/check. 


001 


Invalid. 


010 


Print buffer busy. 


oil 


Invalid. 


100 


Carriage busy. 


101 


Invalid. 


no 


Printer busy. 


ill 


Invalid. 



Specification of an invahd N code results in a processor- 
check stop with an invalid Q byte indication. 

Not ready/check condition becomes active any time the 
printer becomes not ready for any reason. It becomes 
inactive when the reason for the not ready condition is 
removed. 

Print buffer busy becomes active when the printer accepts 
a start I/O instruction that specifies printing. It becomes 
inactive when the line is printed but before carriage motion 
stops. 

Carriage busy becomes active when the printer accepts a 
start I/O instruction that specifies a carriage operation. It 
becomes inactive when carriage motion stops. 

Printer busy becomes active as soon as the printer accepts 
any start I/O instruction and becomes inactive when the in- 
struction has been completely executed. 



Ptogmm Note: The third byte of this instruction is not 
used. Care should be exercised in pimching program cards 
to ensure that the op code byte for the foUowing instruc- 
tion is not inadvertently punched in the column that should 
be occupied by the third byte of this instruction. 




Example: 



Innruction 



Fl 


EC 


BA 



The right carriege will be teited for 
carrlegebusy. If the cerriage Isbusy. 
the other program level will become 
active. 
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Load I/O 

Mnemonic: LIO 

Op CodB Q Byte Operand Address 



Y1 


1 r 

E.M.N 

1 1 





Operation: The contents of the two-byte field addressed 
by the operand address are transfened to the local storage 
register specified by the Q byte. The operand is addressed 
by its rightmost byte and remains unchanged. If the no-op 
status bit is set in the printer, the load I/O instruction is 
no-oped. If the addressed register is busy, systems with the 
dual programming feature will advance the program level; 
systems without dual programming feature wiU loop on the 
load 1/0 instruction until the register is not busy. 

The Q byte contains the device address (always E for the 
line printer), an M bit, and an N code. The 5203 M bit has 
no significance for this instruction, but should be 0. The 
1403 M bit either is used for customer engineering diag- 
nostics or is invalid. It should always be for non-diagnos- 
tic programming. 

The N code specifies the register to be loaded as follows: 

A^ Code Register 

000 Load forms length register- 

001 Invalid. 
010 Invalid. 
Oil Invalid. 

100 Line printer image address register. 

101 Invalid- 

1 10 Line printer data address register. 

1 1 1 Invalid. 

Two bytes are loaded with each load 1/0 instruction for 
load forms length. The high-order byte is the forms length 
for the left carriage, and the low-order byte is the forms 
length for the right carriage. If the dual feed carriage fea- 
ture is not installed, the low-order byte can contain any 
value. Specification of an invalid N code results in a proces- 
sor-check stop with an invalid Q byte indication. 



Program Note: End of page can be sensed only by program- 
ming. 



Example: 



instruction 



31 


E4 


2C 


44 



Operand 



IF 


00 



2C43 2C44 

Line Printer Innage Address Register Before Operation 



2A 


CF 



Line Printer Image Address Register After Operation 



IF 


00 



Sense I/O 

Mnemonic: SNS 

Op Code Q Byte Operand Address 



YD 


eImIn 

1 1 





Operation: The contents of the specified data source from 
the printer attachment are placed in a two-byte field at the 
storage location specified by the operand address. The 
operand is addressed by its rightmost byte. The Q byte 
specifies the data source. The sense I/O instruction is 
executed even if the printer is busy. 

The Q byte contains the device address (always E for the 
line printer), an M bit, and an N code. The 5203 M bit is 
not used by this instruction but should be 0. The 1403 M 
bit is used for diagnostic programming and should be for 
all non-diagnostic progranmiing. 

The N code specifies the sense data that is to be transferred 
by the sense I/O instruction as diown in Figure 5-2. Some 
of these conditions are useful only as diagnostic aids to the 
CE and will not be discussed here. 
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NCode 



Data Transferred 



NCode 



Data Transferred 



000 



(5203)001 



Carriage print line location counter. A test 
1/0 instruction should be executed before 
sensing this condition to ensure that the 
carriage is not moving when the print line 
location is sensed. 

First b3rte contains an incrementing factor 
for the line printer data address register. 
The second b3rte contains (when printing) 
the vaJue of the chain character counter, 
specifying the next print position to be 
addressed. 



(1403)001 Invalid code. 
010 Printer timing. Used for diagnostics. 



01 1 Printer check status. These bytes provide 

information concerning the kind of error 
that has occurred when an error check is 
detected as shown in Figure 5-3. The causes 
of the errors are discussed in Error Condi- 
tions. The bits labeled as CE bits are of no 
interest when operating the system. 

100 LPIAR. This code selects the line printer 

image address register. 

1 10 LPDAR. This code selects the line printer 

data address register. 

Codes 101 and 1 1 1 are invalid. Selection of an invalid N 
code causes a processor-check stop and lights the invalid 
Q indicator. 



NCode 


Bytel 


Byte 2 


000 


5203 Right Carriage Line Location 
1403 Cliaracter Count 


5203 Left Carriage Line Location 
1403 Carriage Line Location 


001 


5203 Chain Character Counter 
1403 Invalid 


5203 Incrementing factor of LPDAR 
1403 Invalid 


010 


Printer Tinning — Byte 1 


Printer Timing - Byte 2 


oil 


Printer Check Status — Byte 1 


Printer Check Status - Byte 2 


100 


LPIAR - Low Byte 


LPIAR - High Byte 


101 


Invalid 


Invalid 


110 


LPDAR - LowvOrder Byte 


LPDAR -High-Order Byte 


111 


Invalid 


Invalid 




Figure 5-2. Line Printer Sense Data * 



•Operand 1 address definei byte 1, operand 
1 address minus 1 defines byte 2. 
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B»t 


Bvtel 


Byte 2 





Chain Synchronization Check 


Carriage Sync Check 


1 


5203 1 ncrementer Sync Check 
1403 Not Used 


5203 Carriage Space Check 
1403 Not Used 


2 


6203 Thefmal Check 
1403 Not Used 


Forms Jam Check 


3 


5203 Not Uied 

1403 Echo Check of Set Address 


5203 1 ncrementer Failure Check 
1403 Print Data Check 


4 


5203 Not Used falwoys on) 
1403 Interlock Check 


CE SNS Bit Latched 


5 


48-Charocter Set Chain 


Hammer Echo Check 


6 


Unprintable Character 


Any Hammer On Check 


7 


CE SNS Bit 


No-op 



Figure 5-3. Line Printer Check Status Bytes ♦ 



•Operand 1 address defines byte 1 , operand 
1 address minus 1 defines byte 2. 
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ERROR CHECKS 

The following checks can be detected by the sense I/O in- 
struction unJess otherwise indicated. These checks light 
the printer check light or I/O attention light. They are 
reset by pressing the printer start key (check reset key on 
1403) or the processing unit check reset key unless other- 
wise noted. 



1. 



2. 



3. 



Incrementer failure check (5203 only). This check is 7. 
caused by the incrementing hammer unit failing to 
move. Re-executing the last printer start I/O instruc- 
tion will result in printing the remaining information 
on the line with no loss of data. 
Incrementer. sync/slip check (5203 only). This check 
is caused by the incrementing hammer unit getting g, 

out of synchronism with the printer attachment or 
by a faihng roller clutch in the incrementer cam. 
Chain sync check. This check can be caused by the 
chain getting out of synchronism with the printer 
attachment. The data printed in error from these 9 

sync checks is no longer available because printing 
a character results in a blank being stored in that ] q 

position of the printer data area. 
Print Check. This is caused by either an echo check 
caused by the hammer circuitiy not responding prop- 
erly to a print signal or by an any hammer on check 
caused by a hammer being on outside of print time. 
Characters in the last line of printing may be incor- 
rect. For the 5203, re-executing the last printer n 
start I/O instruction results in printing all the char- 
acters not printed after the character in error. The 
character in error is replaced by a blank during the 
printing process. For the 1403, re-executing the 
last SIO reprints the last line without loss of any data. 



Thermal check on the 5203. This check occurs be- 
cause something overheated in the hammer unit. 
Processing can continue as soon as the hammer unit 
has cooled. Successive thermal checks indicate that 
the CE should be called. 

Forms check. This is caused by the forms crumpling 
or tearing in the forms tractor area. The remainder 
of the last destroyed form wiU print on the new 
form. On the 1403 the forms check Hght also comes 
on whenever the carriage stop key is pressed. 
Carriage check. This check occurs when loss of 
synchronism between the carriage and the attach- 
ment causes a carriage sync check. Skipping or 
spacing farther than the instruction called for causes 
a carriage space check in the 5203 and a sync check 
in the 1403. 

Unprintable character. This is caused by a character 
in the printer data area that is not available on the 
chain. This check does not light the printer check 
light and is reset by the next start I/O print instruc- 
tion or a system reset. 

End of forms. This check does not have a status bit. 
It is indicated by the I/O attention and forms lights. 
Interiock conditions. These conditions do not have 
status bits. They are indicated by the I/O attention 
and interlock lights. On the 1403, interiock condi- 
tions are Indicated by the I/O attention and the 
print check light or the forms check light. An inter- 
nal indicator panel shows the appropriate interlock 
condition. 

Print data checks (1403 only). A parity error condi- 
tion has been detected during data access from the 
print buffer during a print operation. 
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Channel Overrun Considerations 



If a System/3 has a 5444 or 5445 attached and is not using 
IBM program products, certain system configurations can 
result in J/0 channel overruns and resulting possible loss of 
data. Non-overrunable configurations are shown under the 
heading "Channel Limitations" in the second chapter, "5410 
Processing Unit." 



IBM 5444 Disk Storage Drive 
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The IBM 5444 Disk Storage Drive (Figure 6-1) provides the 
system with a large capacity, direct access storage device 
with capacities ranging from 2,457,600 bytes through 
9,830,400 bytes. - . - . 
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H. rir Disk Storage Drives f 
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The 5444 is available in six models: 



r (. :.. * .' •• 






Model 


Tracks/ 

Surface* 


No. of 
Disks** 


Total Capacity 
j tin bytes) 


Avg Access 
Time -»"'n»» 


1 


104 


2 


2,457,600 


153 ms 


A1 


104 


2 


2,457,600 


86 ms 


2 


204 


2 


4,915,200 


269 ms 


A2 


204 


2 


4,915,200 ' 


126 ms 


3 


204 


t 


2,457,600 


269 ms 


A3 1 


204 


1 


2.457.600 


126 ms 



MBM resident control program requires one track per surface 
for customer engineers. IBM disk systems programming 
support requires three tracks per surface for alternate data 
tracks. Systems using these programs are therefore limited 
to 1 00 or 200 tracks per surface, according to the mcxJel 
selected. va^ • ; ' " . : 

'Each model has one removable disk (Figure 6-2), Models 
1, A1, 2, and A2 also have 1 permanent disk. Both survaces 
of each disk are used. 
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Figure 6-1. IBM 5444 Disk Storage Drive 
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The 5444 can be ordered with the following configurations 
of models: 

Standard Speed Access High Speed Access 



1 Model 1 

1 Model 2 

2 Model 2s 

1 Model 2 and 1 
Model 3 



• 1 Model A 1 

• 1 Model A2 

• 2 Model A2s 

• 1 Model A2 and 1 
Model A3 



5444 DISK ORGANIZATION 

Each surface of each disk contains either 104 or 204 tracks. 
The tracks that are related to each other in the vertical 
plane on a single disk axe considered to form a cylinder as 
shown in Figure 6-3 . On drives with two disks the corres- 
ponding cylinders on both disks have the same cylinder 
number. 




204 Concentric Cylinders, 1 for 
each corresponding track on disk. 




Track 0, Top of Disk 1 
Track 0. Bottom of Disk 1 
Track 0, Top of Disk 2 ■ 
Track 0, Bottom of Disk 2 



Cylinder 



Figure 6-2, Disk Caitridge 



REMOVABLE DISK CARTRIDGES 



vV-' 



Note: The same cylinder address is used for all corresponding 
tracks on the disks. For example, track 15 on both top 
and bottom of disks 1 and 2 are all considered to be 
bands of data on one cylinder, so all four bands have the 
same cylinder address. On the 5444, the same track on 
both the upper and lower surfaces of a single disk are 
considered to be a cylinder, and are on either the 
removable disk or the non-removable disk. 



Each 5444 uses a removable IBM 5440 Disk Cartridge. Use 
of removable cartridges provides virtually unlimited offline 
disk storage. The cartridge is interchangeable between all 
5444 models; however, data recorded on the second 100 
cylinders of a 5440 by a 5444 Model 2, A2, 3, or A3 is 
not available for reading by a 5444 Model 1 or AL A 
5440 initialized on a 5444 Model 1 or Al will not be 
initialized on the second 100 cylinders. 



Figure 6-3. Cylinder Concept 



Care and handling procedures for the 5440 are described 
in the IBM 5440 Disk Cartridge Handling Procedure 
Manual (GA21-\59Sy 
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5444 Track Format 

Each track is divided into 24 sectors as shown in Figure 64. 
Each sector has its own individual address. A sector is 
made up of an address marker, sector identifier, data field, 
and some gaps. 



ID 



Index Marker 



AM 



A mark that is fixed for each disk and 
provides orientation information to the 
controlling circuits. It is the starting 
point for every track. 

Address marker is a specially written 
group of bits used to indicate the start 
of a new sector. 



Data 



Gaps 



The sector identifier. This group of six 
bytes contains three bytes for unique 
identification of that sector for that disk, 
and three bytes of check characters. 

The data area of the sector contains 256 
bytes of data and three bytes of check 
characters. 

Gaps are specially written areas on the 
disk used to separate and define the 
other elements of the sector. 



Index Mafker 



Track 




I -Gap 
Figure 6-4. Sector Layout 



Permament Index Marker {between 
sectors 23 and an all tracks) 
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5444 SECTOR iDErrriFIER FORMAT AND ADDRESS- 
ING 

The identifier area of a sector (ID) contains a flag byte, 
two bytes of address information, and three bytes of check 
information as shown below. 



Flag 



CC 



BCA 



Address 



Check Characters 



CC 



CC BCA 



Flag byte. This byte contains the flagging informa- 
tion in bits 6 and 7. All other bits in this byte 
should be (see "Flagging"). 

Cyhnder byte. This byte contains the binary num- 
ber that conesponds to the physical location of 
the track on the disk. 

Sector byte. The six leftmost bits in this byte 
hold the binary number of the sector. Sectors on 
top of the disk have sector numbers from thiou^ 
23. Sectors on the lower surface of the disk have 
sector numbers from 32 through 55. 

Cyclic check. These bytes are automatically gen- 
erated and used for checking purposes- 
Bit count appendage. Another automatically gen- 
erated checking byte. 



The address of any individual sector is contained in the sec- 
ond and third bytes of the identifier. Sectors occupying 
the same physical location on the fixed disk and on all of 
the removable disks have identical binary numbers in the 
cylinder and sector bytes. Use of a sector requires that the 
drive (1 or 2) and the disk (fixed or removable) containing 
the desired sector must be specified. 



Cylinders are numbered through 203, counting from the 
outer cylinder. IBM customer engineers use cylinder 203 
for diagnostic functions, so this cylinder should not be used 
for permanent storage. Tracks in cylinders 1 , 2, and 3 are 
used by IBM program products as alternate tracks whenever 
tracks in cylinders 1 through 202 are found to be defective; 
therefore, if IBM program products are being used, cylinders 
1 , 2, and 3 are to be reserved for use as alternate cylinders. 
Cylinders and 4 through 202 can always be used as stan- 
dard data cylinders. 

Sectors within a track are identified by their physical posi- 
tion on the track with relation to the index point and by 
the surface of the disk on which they reside. The sectors 
on the upper surface of the disk are numbered through 
23 starting from index, and the sectors on the lower sur- 
face are numbered 32 through 55. A specific sector ad- 
dress, then, consists of a drive number, fixed or removable 
disk, a cylinder number, and the sector number. However, 
only the cylinder number and si&ctor number are recorded 
on the disk. 



B444 DISK OPERATING RESTRICTIONS 

1 . The disk drive drawers cannot be opened unless sys- 
tem power is on and the disk start/stop switch on the 
system control panel is in the stop position. The 
OPEN hght on the system control panel will light 
when it is safe to open the drawers. We recommend 
that the drawers be kept closed at all times unless a 
disk cartridge is being inserted or removed. A car- 
tridge should always be stored on the drive to prevent 
dust from entering the drive. 

2. The 5440 disk cartridge must be stored in the opera- 
ting environment for at least two hours before the 
cartridge is used for processing. 
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5444 DISK OPERATIONS 



5444 Seek Operation 



Two things must be done to prepare for each disk operation. 
The address of the disk control field must be stored in the 
disk control address register and the address of the first byte 
of the disk data field must be stored in the disk read/write 
address register (see "Local Storage Registers"). 



The access mechanism of the selected drive is moved a 
specified number of cylinders and the upper or lower head 
for the specified disk is set for future read, write, verify, or 
scan operations. The number of cylinders to be crossed and 
the head to be set are specified by the disk control field as 
described before. 



Disk Control Field 

The disk control field consists of four bytes designated F 
byte, C byte, S byte, and N byte. The bytes are used as 
follows: 

Byte Use 

F This is the first byte in the field and the byte ad- 

dressed by the disk control address register. In 
seek operations this byte is not used. In other 
disk operations it contains flag bits in bits 6 and 7. 

C This second byte of the field contains a binary 

number that designates a cylinder number. This 
byte is not used on a seek operation. 

S The function of this byte (the third byte in the 

field) depends on the operation to be performed: 

Seek Operation: Bit selects the head to 

be used (0 = head 0, for 
upper surface; ] = head 1 
for lower surface). 
Bits 1 through 6 are not 
used. 

Bit 7 selects direction of 
seek (0 = toward decreas- 
ing cyhnder numbers; 1 = 
toward increasing cylinder 
numbers). 



AH Other Operations: 



Bits through 5 hold the 
binary representation of 
the sector ID number. 
Bits 6 and 7 are not used; 
bit 7 must be 0. 



N This last byte in the field specifies either the num- 

ber of cyUnders to move the access mechanism for 
a seek operation or the number of sectors to oper- 
ate on for any other operation. For operarions 
other than seek, this binary number must be one less 
than the actual number of sectors desired. For ex- 
ample, if one sector is to be handled, the N byte 
must hold a zero; if ten sectors are to be acted on 
(a multiple-sector operation), the N byte must hold 9. 



The N byte specifies the number of cylinders the access 
mechanism will travel during the seek. 

Bit 7 of the S byte specifies the direction of movement. 
Forward (bit 7 = 1) is from cylinder to 202, The head 
is specified by bit of the S byte. 

The recalibration function is executed by specifying a seek 
in the reverse direction and a number of cylinders to be 
moved that is greater than or equal to 224. The recalibrate 
function causes the access mechanism to return to cylinder 
and selects read/write head 0, regardless of the condition 
of bit Oof the S byte. 

Note: On high performance disk drives, recalibration should 
be used only for enor recovery, because recalibration forces 
a low speed seek in a reverse direction. 

The cylinder bit in the sense bytes will be set when the 
mechanism reaches cylinder zero and can be interrogated 
with a sense I/O instruction after the seek is completed. 

Seek operation is begun by issuing an SIC instruction. A 
second SIC instruction can be issued to the same disk drive 
if a read, write, or scan operation is specified. The second 
instruction will be accepted provisionally and executed if 
no errors occur in the operation of the seek instruction. A 
subsequent SIC instruction to either disk causes the CPU 
to loop on that instruction until the read, write, or scan 
operation ends. However, seek commands to both drives 
can be executed concurrently if there is no intervening SIO 
read, write, or scan instruction. 

No data in storage will be changed by this operation. Test 
I/O for busy or advance program level on busy will not de- 
tect busy unless a read, write, or scan instruction has been 
provisionally accepted. The sense bit for seek busy wilJ be 
on, however, for interrogation by the sense I/O instruction. 
A seek instruction to an access mechanism that is already 
seeking results in an automatic program level advances if the 
dual programming feature is installed. 

A seek to the cylinder at which the access mechanism is 
located is completed immediately because no access mech- 
anism motion is required. However, the head is selected 
according to bit of the S byte. 



B 
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5444 Access Time 



Access Time for Models A 1, A2, and A3 



Access time is the interval from the receipt of a seek com- 
mand until read/write head movement stops. 



Access Time for Models 1, 2, and 3 

Figure 6-5 shows the approximate time required to seek 
across any number of tracks from 1 to 200. Access time 
can also be determined from the following formula: 

Seek time for 1 track - 39 milliseconds. 
Seek time for 2 or more tracks = 47 + 3.42 (N-2) milli- 
seconds, where N = the number of tracks to be crossed. 
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— '—*—'— Maximum access time one direction 

Average maximum access time 

' Maximum access time opposite direction 

|53316A 

Figure ^'^, Access Timing (Models 1, 2, and 3) 



For the high performance disk storage drive models, access 
times are not necessarily the same for both forward and re- 
verse seek operations. The more important access times 
(for both forward and reverse directions) for these models 
of the 5444 are : 

• The access time for a one-cylinder movement is 28 milli- 
seconds for all three models. 

• The normal average access time for model Al is 86 milli- 
seconds; for models A2 and A3, the normal average ac- 
cess time is 126 milliseconds. This is the average access 
time across 67 cylinder addresses with the exception of 
when a forward seek terminates in cylinder address 170 
through 203. 

• The maximum access time (the time taken for the access 
mechanism to cross the maximum number of cylinders 
available on each model) is 163 milliseconds for 99 cyl- 
inders on model Al ; for models A2 and A3 the access 
time is 255 milliseconds for 199 cylinders. 



To Determine Approximate Maximum Access Forward 
Time: . Access times for access forward operations are not 
dependent solely on the number of cylinders traveled, but 
also depend on where the access forward operations termi- 
nate. For this reason, no simple graph can be drawn show- 
ing access times for all possible access forward operations. 

Figure 6-6 shows maximum access time curves for access 
forward operations starting from several different cylinder 
addresses. Each curve is labeled with its appropriate start- 
ing cylinder address. Intermediate values may be deter- 
mined by interpolation. 

To determine the access time for any forward operation fol- 
low the curve corresponding to the starting cylinder address 
until the curve coincides with the cylinder address that is 
being accessed (horizontal axis). The corresponding access 
time is then read from the vertical axis in milliseconds. For 
example, to determine the access time for an access opera- 
tion from cylinder address 040 to cylinder address 120, fol- 
low the curve corresponding to cylinder address 040 until 
the curve is aligned with cylinder address 120 on the hori- 
zontal axis. The required access time indicated on the ver- 
tical axis is 140 milliseconds. 



If more accurate information is required, refer to "Maxi- 
mum Access Forward Calculations". 
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Figure 6-6. Maximum Access Time for Models A 1, A 2 and A3 (Forward Direction) 
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To Calculate Maximum Access Forward Time: Approxi- 
mate maximum access times for access forward operations 
(models Al, A2» and A3) are shown in Figure 6-7. How- 
ever, some access forward operations finishing above cyl- 
inder address 170 have access times greater than that indi- 
cated in Figure 6-7, (Reverse operations are not affected; 
see '^Access Reverse Operations".) 

Figure 6-8 shows all possible access operations. The chart 
is divided by a diagonal Line into two regions covering ac- 
cess forward operations and access reverse operations. The 
access forward region is further sub-divided into three areas. 

To determine tke maximum access time for any access for- 
ward operation,find-the point where the from cylinder 
address (horizontal axis) and the to cylinder address (ver- 
tical axis) intersect. The area in which this point of intersec- 
tion occurs defines how the access Ume is calculated^as 
follows: 



For example, to determine the maximum access time for 
an access operation from cylinder addie&s 150 to cylinder 
address 200: 

1 . From Figure 6-8 locate the point of intersection of the 
present cylinder address (cylinder address 150) and 
the new cylinder address (cylinder address 200). The 
point of intersection is in the shaded area> 

2- Figure 6-7 shows that maximum access time for a 
50-cylinder address difference is 107 milliseconds. 

3. Figure 6-9 shows that the additional time that must 
be added is 39 milliseconds. 

4. Therefore, the total maximum access time for this 
access operation is 146 milliseconds (107 + 39 = 146 
milliseconds). 




1. Unshaded area-access time determined directly from 
Figure 6-7. 

2- Shaded area— access time determined by Figure 6-7 
plus an additional time as indicated by the chart 
(Figure 6-9). 

3, Cross-hatched area— access time shown ta Figure 6-10. 
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Access Reverse Operations: Figure 6-7 shows the maxi- 
mum access time for the number of cylinders that the ac- 
cess mechanism crosses during an access reverse operation. 



Note: Ready may be dropped if an access reverse operation 
specifies more tracks than the actual number of tracks from 
the jpresent track to the home position. If ready is dropped 
and no permanent hardware fault exists, stop the disk drive 
and then restart the disk drive to establish a file ready con- 
dition. 
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Note: The "From Cylinder Address" axis is not 
continuous in order to reduce the size of the chart. 
If the required "From Cylindar Address" is not listed, 
use the next higher "From Cylinder Address". In 
some cases this wilf mean that the "Additional 
Access Time" obtained from the chart is a maxi- 
mum of 3 msec greater than the true "Additional 
Access Time". 



The chart specifies the number of milliseconds 
that must be added to the access time given by 
the general curve in Figure 6-8, for the range of 
cylinder addresses indicated. 
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Figure 6-9. Additional Access Time Chart (Models Al, A2 and A3) 
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for a one-cylinder access: 

Maximum Access Time = 28 Milliseconds 

For an access of more than one cylinder address above cylinder 170: 
Maximum Access Time in Milliseconds = 32 + 3.42 lN-2) 

2 < N < 33 

N = Number of tracks to be crossed 

Figure 6-10. Maximum Access Times for Accesses Above Cylinder 170 (Foiward Diiection) 
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5444 Read Data Operation 

This instruction initiates the transfer of data from the 
selected disk to main storage. Data is transferred in mul- 
tiples of 256 bytes (the contents of an individual disk sec- 
tor). 

If reading is started at sector 0, all 48 sectors from corres- 
ponding upper and lower tracks on the same disk can be 
read as the result of a single read operation. Only consecu- 
tive sectors are read when multiple sector reading is indi- 
cated. 

Reading begins with the sector specified by the S byte of 
the disk control field in main storage. (Bit of the S byte 
for this instruction does not select the head, but is used 
for comparison only. Head selection can be accomplished 
only by a seek operation.) The data is transferred to CPU 
storage, starting at the CPU storage address specified by 
the disk data address register. Succeeding bytes are stored 
in progressively higher locations, because the 5444 auto- 
matically updates the disk data address register so that it 
points to the storage address where the next byte of data 
is to be stored. 

When the disk control field specifies that more than one 
sector is to be read, the 5444 automatically updates the S 
byte of the disk control field each time a sector is read so 
that it contains the address of the next higher sector on 
that cylinder and disk. After the 5444 has read sector 23 
and stored its data, the 5444 automaticaDy switches heads 
to read sector 32 from the associated track on the lower 
surface of the disk (the other track on the same cylinder 
on that disk). The read operation then continues. (Sector 
addresses cannot overflow from disk to disk because each 
disk contains identical addresses for common cylinders— 
that is, for cylinders with the same track number. 

During read operations, the 5444 compares the disk con- 
trol field with the sector identifier fields on the disk track 
to find the first sector to be read. The comparison is re- 
peated for each additional sector to be read. If the disk 
control field and the sector identifier fail to match, the 



operation terminates after the data portion of that sector 
is transferred to main storage even if other sectors remain 
to be read. 

Two other abnormal conditions cause termination of the 
reading operation. Reading will be terminated at the end 
of any sector in which an error is detected or if the sector 
read is the last sector (sector 55) in the cylinder. 

During a read operation, the attachment generates two 
cyclic check (CC) bytes and a one-byte bit count appen- 
dage from the data that has been read and compares these 
to the CC bytes and bit count appendage read back with 
the data, providing a data check for read errors. During 
multiple sector reads, the operation will be terminated at 
the end of any sector in which an enor is detected except 
that an equipment check causes immediate termination. 
The data portion of the error sector is stored in storage and 
the 5444 disk data address register is updated. 

The read operation ends when the N byte of the disk con- 
trol field reaches FF and the data from that sector has been 
transferred. The number in the N byte is decremented by 
one at the beginning of each sector transferred. 

At the end of the operation the four bytes of the disk con- 
trol field contain information about the progress of the 
operation- The number of sectors processed is equal to the 
original vahie of the N byte minus the value of N at the end 
of the operation, unless all sectors requested have been 
processed. If all sectors have been processed, the value of 
N at the end of the operation is FF. The S byte of the disk 
control field at the end of the operation contains the identi- 
fier of the last sector processed unless there is a missing 
address marker on the disk or no sector could be found with 
an identifier that matched that in the disk control field. If 
no sector has been processed, the S byte in the disk control 
field will be the S byte of the first sector desired. If an 
address marker is missing and a sector has been processed 
in a muhi-sector operation, the S byte in the disk control 
field will be that of the sector that lacks an address marker. 

The disk control unit will be busy to all other operations 
except sense I/O during a read data operation. 
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5444 Read Identifier Operation 

This operation transfers the sector identifier (F, C, and S 
bytes) from the selected disk to storage. The operation 
starts with the first identifier to come under the head after 
the instruction is executed. It transfers the first sector 
identifier it finds to the address designated by the disk 
control address register. If an error is found in this identifier, 
the next sector identifier is read and transfened to storage 
starting at the original address contained in the disk control 
address register. The operation is terminated by the transfer 
of the first sector identifier found without an error, or by 
no record found, or by equipment check. 

The disk control unit will be busy to any new operation 
except sense I/O while the read identifier operation is being 
performed. 

The information contained in the disk control field at the 
beginning of this operation is not used but is destroyed by 
the information read in from the disk. At the termination 
of this operation the first three bytes (F, C, and S) of the 
disk control field will contain the last sector identifier read 
from the disk. The last (N) byte of the disk control field 
will not be changed. This operation will not switch reading 
between the upper and lower surfaces of the disk. 

At the end of the operation, the disk control address register 
contains the original address unless there is an equipment 
check. With an equipment check, the contents of the reg- 
ister may or may not contain the original address. 



This operation functions with reduced address marker re- 
quirements so that data that cannot be read by a read data 
operation because of a missing address marker possibly may 
be recovered. 

The original sector identifier in storage (F, C, and S bytes 
of the disk control field) should be the identifier of the 
first record on the track, so that the identifier area in storage 
at the end of the operation contains the identifier of the last 
record read unless there is no record found without a data 
check or a track condition check. A no-record -found with- 
out a data check or a track-condition check indicates that 
an address marker is missing earlier on the track. 

Errors that do not terminate the read operation are reset at 
the end of the sector in which they occur unless they occur 
in the last sector to be read. 

The number of sectors read can be determined by subtract- 
ing the N byte of the disk control field from the original 
value of the N byte unless all sectors have been read. If all 
sectors have been read, the N byte will be set to FF. 

The control unit will be busy to any new operation except 
sense I/O while performing a read data diagnostic operation. 



5444 Read Data Diagnostic Operation 

This operation ]s similar to a read data operation. Reading 
always begins at index. Up to 48 sectors can be read (the 
entire contents of the cylinder), but no more than 24 sec- 
tors should be read. Exceeding the 24 sector hmit increases 
the chances of reading the wrong data field into storage. 
The data portion of the record is read and placed in storage 
beginning at the address specified in the disk data address 
register. One is subtracted from the N byte and added to 
the S byte of the disk control field for each sector read. 
The data address in the disk data address register is returned 
to its original value at the beginning of each sector so that 
successive data fields overlay each other in storage. The 
operation ends at the end of the sector in which the N-byte 
is reduced to FF, the end of the cylinder is detected, or 
equipment check is detected. (No other conditions ter- 
minate the operation.) When the operation is terminated, 
data from the last sector read is in the disk data field in 
CPU storage. 



5444 Read I PL Operation 

This operation is initiated by pressing the toad key on the 
system control panel. In order for the load key to cause 
initial program loading from disk (drive 1 only) the IPL 
selector switch on the system control panel must be set 
either to FIXED DISK or REMOVABLE DISK, The read 
IPL operation causes the 256 bytes of data contained in the 
first record after the index mark on track of the selected 
disk to be transferred to storage starting with storage ad- 
dress 0000. Control is then passed to the processing unit 
to begin executing the instructions starting at address 0000. 

No compare is made on the identifier of the first record. 
The first record found after the index mark is read and any 
error conditions are made available for program testing, [f 
no record is found or the wrong record is read, the program 
will not start correctly. An unsuccessful IPL operation re- 
quires an operator retry. 
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5444 Verify Operation 

The verify operation is performed for write checking. It 
should be perfonned after every write operation to ensure 
data integrity. (If the write was a multiple-sector operation 
that crossed a track boundary, the head select must be reset 
to by a seek operation before issuing the read verify in- 
struction.) 

This operation is performed in the same way as the read 
data operation except that no data is transferred to main 
storage and the disk read/write address register is not up- 
dated. No cycle steals are required except for updating 
the sector and N-by tes in the disk control field . 

The function of write checking is done by generating the 
cyclic check and bit count appendage characters from the 
data read from the disk and comparing them to the cyclic 
check and bit count appendage characters read from the 
disk. 

At the end of the operation the disk control field contains 
information about the progress of the operation. The sec- 
tor byte of the disk control field indicates the last sector 
verified. The number of sectors verified can be determined 
by subtracting the contents of the N byte of the disk con- 
trol field from the original value of the N byte, unless all 
sectors have been read. If all sectors have been read, the 
N byte contains FF. 



5444 Write Data Operations 

This operation transfers data from storage to the selected 
track on the disk. Data is transferred in multiples of 256 
bytes. The entire data contents of a cylinder can be written 
(48 sectors) if writing starts with head 0, sector 0. Only 
consecutive sectors can be written by multiple -sector write 
operations. 

Writing begins with the sector specified by the identifier 
portion (F, C, and S bytes) of the disk control field located 
in storage and addressed by the disk control address register. 
The identifier from the disk control field is compared with 
the sector identifiers read from the selected disk track. (The 
head selection is the result of the last seek unless a multiple 
sector operation that caused a track boundary crossing was 
performed subsequently. The 5444 automatically switches 
from head to head 1 when it crosses the track boundary 
on the upper surface of the disk.) 

Comparing begins with the first sector identifier to come 
under the head. An equal condition between the disk con- 
trol field identifier and the sector identifier enables the 
writing of the 256 bytes of data. The data is fetched from 
storage using the disk data address register for addressing. 



When multiple sectors are indicated, one is added to the 
S byte and one is subtracted from the N byte of the disk 
control field for each sector written (except for switching 
heads, when 9 is added to the S byte). 

This updated disk control field identifier is then compared 
with the next identifier read from the disk. An equal com- 
parison of all succeeding addresses must occur before their 
corresponding data fields are written on the disk. The data 
field of a sector will not be written if an error is found be- 
fore writing of data begins. 

The write data operation is terminated at the end of the 
sector in which the byte count (N byte) was reduced to 
FF, the end of the cylinder is reached, or a check condi- 
tion occurs. An equipment check terminates the operation 
immediately. The presence of an error can be determined 
by a test I/O and branch instruction. 

The disk control unit is busy to any instruction except 
sense I/O while it is performing a write data operation. 

I>uring writing, the control unit generates two cyclic check 
and one bit count appendage characters for each data field. 
The three characters are recorded at the end of the data 
field. Write errors must be checked for with a verify opera- 
tion in order to meet disk performance specifications. 

At the end of the operation the disk control field contains 
information about the progress of the operation. The iden- 
tifier portion of the disk control field indicates the last sec- 
tor written or where writing was attempted. The number 
of records processed can be determined by subtracting the 
contents of the N byte from the original value of the N byte 
unless all sectors were written. If all sectors were written, 
the N byte contains FF. If a track boundary is crossed in a 
multiple-sector write operation, head 1 remains selected . 



5444 Write Identifier Operations 

This operation writes 24 sector formats (address marker, 
sector identifier, gaps, and data) on the selected track be- 
ginning at the index marker. There is no identifier field 
compare on a write identifier instruction before writing. 

The identifier portion of the disk control field is written as 
the sector identifier of the first sector after the index marker. 
The N byte of the disk control field is forced to a value of 
decimal 23 by this operation so that exactly 24 sectors will 
be written on the track. As each identifier is written on the 
disk, one is added to the S byte and one is subtracted from 
the N byte of the disk control field. 
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The data field of each sector is filled with the characters 
stored at the address contained in the disk data address 
register. The register is not updated during the operation, 
so the same character is propogated in all data byte posi- 
tions of all the sectors. During writing of each identifier 
and data field, the control unit generates two cyclic check 
and one bit count appendage bytes and automatically writes 
them as the last three bytes of both the identifier and the 
data fields. The check data for the identifier applies only 
to the identifier, and the check data for the data applies 
only to the data. 

At the end of the operation tiie disk control field contains 
information about the progress of the operation. The identi- 
fier portion of the disk control field indicates the last sector 
written or where writing was attempted. The number of 
records processed can be determined by subtracting the con- 
tents of the N byte of the disk control field from 23, the 
original value of the N byte, unless all records have been 
processed. If all records have been processed, the N byte 
contains FF. 

The disk control unit is busy to all new operations except 
sense 1/0 during a write identifier operation. 

A verify operation must check for write errors following 
each write identifier operation in order to meet disk per- 
formance specifications. 



5444 Scan Operations 

The scan operation searches the data fields on the disk to 
find one that meets certain specified conditions when com- 
pared to a 256-byte data field in storage. Up to one cylin- 
der of data (48 sectors) can be scanned in one operation. 
The scan operation can specify one of the following condi- 
tions to satisfy the scan. 

1 . Equal. 

2. Low or equal. 

3. High or equal. 

The data in the sectors on the disk is compared with the 
256 characters in the disk data field in storage. The disk 
data field is addressed by the disk 5444 data address regis- 
ter. The comparison of individual characters within the 
sector can be masked off by placing a mask character con- 
sisting of aU bits (hexadecimal FF) in each non-compare 
byte in the disk data field in storage. If only ten bytes are 
to be compared, the field must contain 246 mask charac- 
ters in the byte positions of the cliaracters that are not to 
be compared. 



Scanning of the data begins with the sector specified by 
the identifier portion of the disk control field. Bit of the 
S byte for this instruction does not select the head but is 
used for comparison only. Head selection can only be ac- 
complished by a seek instruction. Comparing of sector ad- 
dresses begins with the first sector identifier to come under 
the head. After the beginning sector is scanned, the S byte 
is updated to the identifier of the next sector (by adding 
one to the S-byte value) and the N byte is decreased by 1 
for each sector scanned. The S-byte-updating and head 
switching from to 1 are automatic when a track boundary 
is crossed in a multiple sector. 

The operation terminates under the following conditions: 

1 . When the data on the disk satisfies whichever of the 
following conditions is specified by the start 1/0 in- 
struction: 

a. Equal to the storage data field. 

b. Equal to or lower than the storage data field. 

c. Equal to or higher than the storage data field. 

2. At the end of the sector in which the sector count in 
the N byte of the disk control field goes to FF. 

3. When the end of the cylinder is reached. 

4. At the end of any sector in which an error occurs 
after the first identifier specified by the disk control 
field has been found. 

The control unit will be busy to any new operation except 
sense I/O while performing a scan operation. 

A scan found condition is indicated to a test I/O and branch 
or advance program level instruction. The appropriate bit in 
the status bytes is also set by a scan found condition. 

At the end of the operation the disk control field contains 
information about the progress of the operation. The iden- 
tifier portion contains the sector identifier of the last sector 
scanned unless there is a missing address marker. If there is 
a missing address marker, the identifier portion indicates 
the sector with the missing address marker. If no sector has 
been scanned, the identifier portion indicates the first sec- 
tor designated. The number of sectors scaimed can be deter- 
mined by subtracting the contents of the N byte from the 
original value of the N byte unless all sectors have been 
processed. If all sectors have been processed, the N byte 
will be hexadecimal FF. 

The 5444 data disk address register will contain the original 
address at the end of the operation unless equipment check 
occurs. The contents of the register are unpredictable in 
the even of an equipment check. 
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5444 DISK INSTRUCTIONS 
Start I/O 

Mnemonic: SIO 
Op Code Q Byte Control Byte 



F3 


j 1 
□A Ml N 

1 1 


Control 
Code 



Operation: This instruction selects a drive and disk and 
specifies the operation that is to be performed by that drive 
and disk. 

The DA portion (four bits) of the Q byte specifies the drive 
that is to be used. Hexadecimal A specifies drive 1, and 
hexadecimal B specifies drive 2. 

The M bit of the Q byte specifies the disk on the specified 
drive that is to be used. Bit = specifies the removable disk; 
bit = 1 specifies the fixed disk. 

The N code of the Q byte and bits 6 and 7 of the control 
code byte specify the operation to be performed. Bits 
through 5 of the control byte are ignored and can be any- 
thing. The operations that can be specified are: 

NBits Control Bits 6 and 7 Operation 



000 


— 


Seek 


001 


00 


Read Data 


001 


01 


Read Identifier 


001 


10 


Read Data Diagnostic 


001 


11 


Verify 


010 


-0 


Write Data 


010 


-I 


Write Identifier 


on 


00 


Scan Equal 


oil 


01 


Scan Low or Equal 


on 


1- 


Scan High or Equal 



Any N code other than those specified causes the processing 
unit to stop with a processor check and an invalid Q byte 
indication. 



Issuing a start I/O instruction to a control unit that is busy, 
issuing a seek start I/O instruction to a drive that is seeking, 
or issuing a seek start I/O instruction to a drive that is not 
ready causes an automatic program level advance in systems 
with dual programming feature installed. If the feature is 
not installed, the program loops on the start I/O instruction 
until the condition is conected, 

A single start I/O specifying read, write, or scan will be 
provisionally accepted by the control unit for later execution 
if either drive ')s executing a seek. If error conditions are set 
at the end of the seek when a read, write, or scan has been 
provisionally accepted, the read, write, or scan is nooped 
and the no-op bit in the status bytes is set. 

A seek instruction on one drive can be overlapped with a 
seek on the other drive, A read, write, or scan on one drive 
can be overlapped with a seek on the other drive if the seek 
is issued first. Overlap will not occur if the seek is issued 
during a read, write, or scan. 

The start I/O instruction uses the contents of the 5444 disk 
data address register as the initial address of all sector data 
fields. It uses the contents of the disk control address regis- 
ter as the address of the disk control field. 

A start I/O addressed to an unsafe drive is no-oped and the 
no-op bit in the status bytes is set. 

Any start I/O that is executed resets all previously gener- 
ated device status except: 

Seek check. 

Equipment check caused by an unsafe condition. 

Cylinder zero. 

No-op. 

Intervention Required. 

Seek check is also reset by start I/O if it is associated with 
the drive that is addressed. Equipment check caused by an 
unsafe condition is not reset by any instruction. No-op is 
reset by sense I/O. Cylinder zero resets when the access 
arm moves away from cylinder 0. 
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Example: 



The N code can specify only three values: 



Instruction 



F3 
SIO 



Al 



00 



Disk Control Address Register 



02 



00 



- Read Data 

-Drive 1. Removable Disk 

-Address of Control Field 



Disk Date Address Register 



OF 



00 



-Address of 5444 Data Field 



Disk Control Field 



F 
00 


c 

07 


S 

AO 


01 



0200 0201 0202 0203 \ 

N Byte of 01 spectfies 
operation on 2 sectors 

51 2 bytes of date will be transferred to storage 
and placed in locations OFOO through 10FF. 



Load I/O 

Mnemonic: LIO 

Op Code Q Byte 



Operand Address 



Yl 


j—i 

DA |M| N 

1 1 





n 



Operation: This instruction loads the two bytes of data 
contained in the operand addressed by the operand address 
into a local storage register specified by the N field in the 
Q byte. The operand is addressed by its low-order (right- 
most) byte. The Mbit is not used. 

The device address portion of the Q byte can specify either 
drive (A for drive 1 or B for drive 2) because the LIO in- 
struction is not drive sensitive. 



1. An Ncode of Oil is reserved for CE use. 

2. An N code of 100 specifies the disk read/write 
address register. 

3. An N code of 1 10 specifies the disk control address 
register. 

Any N code other than the ones specified causes the proces- 
sing unit to stop with a processor check and an invalid Q 
byte indication. 

A load I/O instruction issued to a busy control unit causes 
an automatic program level advance if the system has dual 
programming feature installed. If the feature is not installed, 
the program loops on the load I/O instruction until the 
control unit is no longer busy. 

Load I/O does not set any disk status conditions. 

The load I/O instruction is executed if the addressed drive 
is executing a seek or recalibrate operation and a read, write, 
or scan has not been accepted or provisionally accepted. 
The load I/O instruction is executed regardless of ready 
status. 



Example: 



Instruction 



□ 



31 



B4 



2F 

"t: 



L 



B1 

3- 



Location of Data Address 
DDAR 
Disk Drive 2 
Load I/O 



Operand 



OF 



00 



-Data Address 



2FB0 



2FB1 



Disk Data Address Register Before Operation 
No Mcaninfl 



oe 



20 



Disk Data Address Register After Operation 

Address of 5444 Data F ield 



OF 



00 
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Test I/O and Branch 

Mnemonic: TIO 

Op Code Q Byte 



Operand Address 



21 


DA^MiN 
I 1 







Operation: This instruction tests for the conditions specified 
in the Q byte. If the condition tested for is present, the next 
instruction is taken from the storage addiess specified by 
the operand address; and the address of the next sequential 
instruction is placed in the addiess recaJJ register. If the 
condition is not present, the next sequential instruction is 
executed; and the address contained in the operand address 
is stored in the address recall register. The information 
stored in the address recall register remains there until the 
next decimal, insert-and-test-characters, branch or test I/O 
instruction is executed. 

The Q byte specifies the drive to be tested and the condition 
to be tested for. The device addiess (DA) portion of the Q 
byte specifies the drive to be tested and can take on two 
values: hexadecimal A Indicating drive 1 and hexadecimal 
B indicating drive 2. 



Any N code other than those hsted causes the processing 
unit to come to processor check stop with an invalid Q byte 
indication. 

When addressing a model 3 or A3 an M bit, used with the N 
code of 000, will indicate a not ready condition. 



Example: 



Instruction 



IZ 



■Drive 1 

Not Ready or Error 



CI 


A4 


02 


00 



0100 0101 
L Test I/O 



0102 0103 



Branch to Address 



Status Byte 1 



10000000 



Bit being on indicates 
a scan equal condition. 



The N code of the Q byte can specify testing for any of 
three conditions: 

1. N code 000— not ready /check. This condition indi- 
cates that the drive is not in condition to operate or 
that a check condition has been detected. A check 
condition is indicated when either drive is addressed 
if the following device status is present: 

Data check. 

Track condition check. 

Missing address marker. 

End of cylinder. 

No record found. 

Equipment checks not caused by unsafe. 

No-op. 

Overrun. 

Check condition is also indicated if a seek check or 
unsafe exists for the addressed drive. The drive that 
has the check condition can be determined from 
status byte 1, bits 6 and 7. 

2. N code 010— busy. The disk drive control unit either 
is executing a read, write, or scan operation or has 
provisionally accepted one of these operations for 
execution at the end of the seek operation in progress. 

3. N code 100— scan found. Scan found is indicated 
when either drive is addressed. The sense byte indi- 
cates which drive contained the scan found condition. 
Scan found indication is reset by the next start 1/0 
instruction. 



Instruction Address Register Before Operation 

Next Sequential Instruction 



01 



04 



Address Recall Register Before Operation 



02 


00 



Branch to Address— Loaded when 
instruction is taken from core 



02 


00 



Instruction Address Register After Operation 

Branch to 
Address 



Address Recall Register After Operation 
Address of 



Contents of 
Registers were 
Swapped because 
Branch Occurred 



01 



04 



return point 
in main program 
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Advance Program Level 
Mnemonic: APL 

Op Code Q Byte 



F1 



n 

DA |MI N 

l-J 



Not Used 



Operation: This instruction tests for tlie conditions speci- 
fied in the Q byte. If the condition tested for is present 
(and program level has been enabled by the start I/O in- 
struction), a system with dual programming feature in- 
stalled activates the inactive program level; a system with- 
out the dual programming feature installed loops on the 
advance program level instruction until the condition no 
longer exists. If the condition is not present, systems with 
and without the dual programming feature take the next 
sequential instruction in the active program level. 



Tlie Q byte specifies the drive to be tested and the condition 
to be tested for. The device address (DA) portion of the 
Q byte specifies the drive to be tested and can assume either 
of two values: hexadecimal A indicating drive 1 or hexa- 
decimal B indicating drive 2. 



The N code of the Q byte can test for any of the following 
three conditions. 

1. N code 000-not ready/check. This condition indi- 
cates that the drive is not in condition to operate or 
that a check condition has been detected. A check 
is indicated when either drive is addressed if the fol- 
lowing device status is present: 

Data check. 

Track condition check. 

Missing address marker. 

End of cylinder. 

No record found. 

Equipment check not caused by unsafe. 

No-op. 

Overrun. 

Check condition is also indicated if seek check or un- 
safe exists for the addressed drive. Seek check or un- 
safe for the drive not addressed will not be indicated. 
The drive with the check condition can be determined 
from status bytes 1, bits 6 and 7. 

2. N code 010-busy. The disk drive control unit is 
executing or has accepted provisionally for later 
execution a read, write, or scan operation. 

3. N code 100— scan found. Scan found is indicated 
when either drive is addressed and a scan has been 
matched in one of the drives. The sense byte indicates 
which drive contained the scan found condition. Scan 
found indication is reset by the next start I/O instruc- 
tion. 

Any N code other than those listed causes a processor check 
stop with an invalid Q byte indication. 

The third byte of the instruction is not used. The M bit is 
ignored except for the Model 3 and A3 not ready indication. 



E 



Example: 



Instruction 



F1 



A4 Not Used 



-Scan Found 

-Disk1 

-APL 



The next instruction address is taken from the instruction address 
regfster of the program level that did not execute this instruction. 
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Sense I/O 






Mnemonic: SNS 




Op Code Q Byte 


Operand Address 


1 ' * 

Yo IdaSm^n 
1 1 1 




1 

1 
1 



All the status bits not discussed in the preceding paragraph 
are presented with the status bytes to a sense I/O for either 
drive. AJJ except no-op are reset by the next start I/O in- 
struction issued to either drive. No-op is reset by the sense 
I/O instruction to either drive that transfers it to storage. 



Operation: This instruction causes the two bytes contained 
in the specified local storage register or the specified two 
bytes of status information to be transferred to the two- 
byte field in storage addressed by the operand address. The 
operand is addressed by the low-order (rightmost) byte. 

The Q byte specifies the drive to be sensed and the register 
or status bytes to be transferred. The device address (DA) 
portion of the Q byte specifies the drive to be sensed. The 
device address can be either of two hexadecimal values: A 
specifying drive 1 or B specifying drive 2. The N code spec- 
ifies what is to be transferred to storage as follows: 

1. N code 010-status bytes and 1 (1 is sent first). 

2. N code 01 1 -status bytes 2 and 3 (3 is sent first). 

3. N code 100— disk read/write address register. 

4. N code 1 10— disk control address register. 

Any N code other than those specified above causes a 
processor check stop with an invalid Q byte indication. 

The status bytes are bit significant as illustrated in Figure 
6-1 1 . The higher numbered status byte is stored in the low- 
order position of the field. An explanation of each status 
bit is provided in Check Conditions and Status, 

The seme I/O instruction will be accepted by the disk con- 
trol unit no matter what other operations are in progress at 
the time. 

Some bits of the status bytes are drive sensitive to the sense 
I/O instruction. Equipment check caused by unsafe, cylin- 
der zero, seek check, seek busy, intervention required, un- 
safe, head settling, and index are sent with the status bytes 
only when they apply to the drive addressed by the sense 
I/O instruction. 



Example: 



Instruction 



30 


A2 


05 


FF 












^^^1 























Status Bytes at Disk Before Operation 



■Core Address 

-Drive 1 , Bytes and 1 

■Sense Command 



81 

T 



00 



Operand Before Operation 



-No-op and Seek Check 





00 


AB 




o 


05FE 05FF 


No Meaning 

on 


' 1 ' 

perand After Operai 




81 


00 




s 


05FE 05FF 
tatus Bytes at Disk A 


fter Operation 




01 


00 






I 
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Bit 


Byte (Low Address) 


Byte 1 (High Addrsn) 


Byte2{LowAddr«isJ 


Byte 3 (High Address) 





N(M3p 


Scan Equal Hit 


Unsafe* 


CE Sense Bit 


1 


Intervention Required* 


Cylinder Zero* 


Timing Analysis Program Line A 


CE Sense Bit 


2 


Missing Address Mark 


End of Cylinder 


Timing Analysis Program Line B 


CE Sense Bit 


3 


Equipment Check* 


Seek Busy* 


Timing Analysis Program Line C 


Not Bit Ring Inhibit 


4 


Data Check 


100 Cylinder 


Index* 


Standard Write Trigger 


5 


No Record Found 


Overrun 


Head Settling* 


Condition Priority Request 


6 


Track Condition Check 


Status Address A 


CE Sense Bit 


Bit Ring 


7 


Seek Check* 


Status Address B 


Model 6 


Not CC Register Position 1 7 



*These bits apply only to the drive addressed. 
Figure 6-11. Disk Storage Status Byte tnfoxmalion 



CHECK CONDITIONS AND STATUS 

All disk check conditions as well as general status informa- 
tion about the disk are conveyed to the processing unit as 
bits in status bytes. Each bit in a status byte has special 
significance. 



Status Byte 

Bit Q-No-Op 

This status indicates that the last disk instruction was not 
executed. It is caused by the selected disk being unsafe or 
by a check condition occurring during a seek on a drive that 
has provisionally accepted a read, write, or scan instruction. 
This bit is reset by check reset, system reset, or the sense 
I/O instruction that transfers the bit to storage. 



Bit 1— intervention Required 

This bit indicates that the addressed drive is not ready 
(removable disk not installed, power not on, drawer not 
closed, etc.). Addressing drive 2 in a system with only one 
drive or addressing the fixed disk on drive 2 when only the 
removable disk is installed also causes this indication. This 
bit is reset by correcting the condition that causes the disk 
to be not ready. 

Note: Ready may be dropped if an access reverse operation 
(high performance disk drives only) specifies more tracks 
than the actual number of tracks from the present track to 
the home position. If ready is dropped and no permanent 
hardware fault exists, stop the disk drive and then restart 
the disk drive to establish a file ready condition. 



Bit 2— Missing Address li/farker 

This bit is set on any multiple-sector operation when the 
first sector has been found and any two following sequen- 
tial sectors read from the disk have identical bits in bit 
position 5 of the S byte of the sector identifier read from 
the disk. If this condition is detected before the first sector 
is found or on a single-sector operation, it will be indicated 
after the control unit has determined that the record cannot 
be found on the track. This bit is also set if no address mark 
is found and index has been passed twice while looking for 
an address mark. This bit is not set if a data check is 
detected in one of the two identifier fields. The bit is reset 
by the next start 1/0 instruction. 



B 
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Bit 3— Equipment Check 



Bit 2-End of Cylinder 



This bit indicates that the control unit has detected a hard- 
ware failure, or the selected drive is unsafe. 



Bit4-Data Check 

This status indicates that a cyclic check or bit count append- 
age error was detected while reading the identifier or data 
fields from the file. 



Bit B-No Record Found 

This bit indicates that a sector called for by a read, write, 
verify, or scan instruction could not be found on the track 
specified by the previous seek operation or that it did not 
match the identifier in the disk control field. This could 
also occur if the previous operation was a multiple sector 
operation that switched the head selection to head 1 while 
the current operation referenced head 0. 



Bit 6-Track Condition Check 

This bit indicates that bits 6 and 7 of the flag byte in the 
disk control field do not match bits 6 and 7 of the flag byte 
on the track in a read, write, or scan operation. 



This bit indicates that, on a multipJe-scctor or scan opera- 
tion, one of the following has occurred: 

1 . The last sector on the disk (sector 55) has been 
operated on and the number of sectors specified by 
the instruction still has not been satisfied. That is, 
the instruction attempted to operate beyond the end 
of the cylinder. 

2. Head 1 IDs were written on the upper surface of the 
disk (to identify lower tracks on upper surface alter- 
nate tracks) and the instruction tried to operate be- 
yond the end of the track (head-switching). 

Whenever an end-of-cylinder condition occurs, all sectors 
up to and including the last one on the cylinder (or track, 
for alternate tracks) axe successfully processed. 



Bit S-Seek Busy 

This bit indicates that the drive addressed by the sense I/O 
instruction is seeking. 



Bit 4- WO Cylinder 

This bit indicates that the drive installed in the system has 
100 cylinders available to the customer. 



Bit 7-Seek Check 

This bit is set when the control unit detects a seek error or 
an attempt is made to seek to a cylinder outside the capacity 
of the disks installed. 



Bytel 

Bit 0-Scan Equal Hit 

This bit indicates that the equal condition has been satisfied 
whenever a scan instruction is executed. 

Bit f— Cylinder Zero 

This bit indicates that the selected drive's access mechanism 
is positioned at cyUnder zero. 



Bit 5— Overrun 

This bit is set when the processing unit fails to allow a cycle 
steal to the disk unit in time to transfer data before it is 
lost. This occurs during processor check stop in the proces- 
sing unit that stops the processing unit clock. 



Bits 6 and 7— Status Address A and Status Address B 

These two bits specify the drive that was specified in the 
last read, write, or scan instruction. This provides the 
number of the drive that pertains to attachment dependent 
status bits. When both bits are 0, drive I is specified. When 
bit 7 is I, drive 2 is specified. This address is reset when a 
start I/O instruction is accepted by either drive. 
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Byte 2 



B/'t 6-CE Sense Bit 



Bit 0- Unsafe 

This bit indicates that one of the following checks has been 
detected by the disk unit. 



Read and write are selected together- 
Read or write is selected, but both head and head 1 
are selected or both the fixed and removable disks 
are selected. 

Read is selected, but the write circuits are operating. 
Write is selected, but the write circuits are not 
operating. 



This check also causes equipment check. 

This check must have a unique program halt indicator. 



Bits 1,2, and 3— Timing Analysis Program (TAP) Lines A, 
B, and C 

These three bits are used by the CE diagnostic programs. 
The bits may be jumpered to various file control unit sig- 
nals for sensing. These three bits are normally jumpered 
to the unsafe latches that are used by the CE to further 
define the unsafe condition. 



Bit 4- Index 

This bit is on for about 43 microseconds, starting when the 
index mark passes the read head. It turns off when the ad- 
dress marker for the first sector (sector 0) passes the read 
head. 



Bit 5-Head Settling 

This bit indicates that the seek operation is not complete 
because the head is not ready for operation. 



This bit is used by the CE diagnostic programs. The bit 
may be jumpered to various file control unit signals for 
sensing by the program. 



Bit 7- Unused 



Byte 3 

Bits 0, 1, and 2-CE Sense Bits 

These three bits are used by the CE diagnostic programs. 
The bits may be jumpered to various file control unit signals 
for sensing. 



Bits 3, 4, 5, 6, and 7-CE Sense Bits 

These bits are used by the CE diagnostic programs and 
represent the condition of the following file control unit 
signals: 

• Bit 3— Not bit ring inhibit. 

• Bit 4— Standard write trigger. 

• Bit 5-Condition priority request. 

• Bit 6-Bit ring 0. 

• Bit 7-Not CC register position 17. 



B 
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FLAGGING 

Etefective recording areas are handled by track flagging. 
The flagging procedure included in the disk attachment is 
used to identify defective tracks and their alternates. Alter- 
nate tracks can be assigned under program control at the 
time a track in cylinders 4-202 is found to be defective. 
Cylinders 1-3 are provided for assignment as alternate tracks. 

The flagging procedure uses bits 6 and 7 of the flag byte of 
the identifier of each sector recorded on the disk. Bit 6 
alone indicates that the track is a defective track, and bit 7 
alone indicates that the track is an alternate track. Both 
bits indicates that the track is an original good track. 
Both bits 1 indicates a defective alternate track,( which has 
its own address in the C byte when IBM program products 
are used). 



Track 203 (used by IBM customer engineers for diagnostics) 
can be flagged with bit 6 on, bit 7 off if the track is defec- 
tive. However, the address of an alternate track should not 
be assigned to track 203 if the track is used for CE diag- 
nostics. 

Track condition check is set as the device status and causes 
an error indication to test I/O and branch or advance pro- 
gram level instructions testing not ready/check any time 
that bits 6 and 7 of the F byte in storage and the F byte on 
the disk do not agree. 

The identifier fields of the tracks are: 

Good— Bits 6 and 7 of the F byte are both and the C and 
S bytes contain the cylinder and sector numbers that are 
correct for that track. 



A track with a bad spot is marked defective and an alternate 
is assigned to replace the whole track. When a track is found 
to be defective, a write identifier operation must be per- 
formed to write the flag bytes with bit 7 = 1 and the C and 
S bytes of the identifiers from the defective track on the 
alternate track. Then the recoverable data from the defec- 
tive track must be written on the corresponding sectors on 
the alternate track. Finally, the defective track must be 
written with a write identifier operation to write flag bytes 
with bit 6 = 1 and the C and S bytes of the identifiers from 
the alternate track on the defective track. 



Defective-Bit 6 is 1 and bit 7 is in the F byte. The C and 
S bytes contain the cylinder and sector address from the al- 
ternate track. 

Alternate-Bit 6 is and bit 7 is 1 in the F byte. The C and 
S bytes contain the cylinder and sector addresses from the 
defective track replaced by the alternate. 

Defective Alternate— Bit 6 is 1 and bit 7 is 1 in the flag byte. 
Bytes C and S contain the cylinder, head, and sector num- 
bers of the respective sectors. 
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TRACK INITIALIZATION PROCEDURES 15. 

TTie following procedures must be followed by track initial- 
ization programs for the 5444 disk storage drive for Sys- 
tem/3. They analyze the condition of the surface and for- 
mat the tracks. 16. 



Set the flag byte in the disk control field to hex 01 . 
Write identifier on the alternate track with the identi- 
fiers of the defective track in the disk control field. 
Alternate tracks must be proved reliable by steps 1 
through 5 before they are used as aJternates. 
Continue with initialization on the next track. 



1. Read identifier to determine that the track has not 
been previously flagged. This step must not be per- 
formed when initializing a previously unused disk. 

2. Write identifier with a data field of hexadecimal 55. 
Write appropriate code into bits 6 and 7 of the flag 
byte: hex 00 for original tracks, hex 01 for tracks 
assigned as alternate tracks. 

3. Read data of all the sectors to ensure that it can be 
recovered. If an error occurs, go to step 10. 

4. Repeat step 2 with a data field of hexadecimal 00. 

5. Repeat step 3. 

6. Seek to the next track and repeat steps J through 5. 

7. Repeat steps I through 6 until all tracks have been 
processed. 

8. Read identifier on all tracks to check for seek errors. 
If a seek error on the writing operation is detected, 
initialization must repeat steps I through 7. A seek 
error on the writing operation causes two different 
tracks to contain the same identifiers or the identi- 
fiers for one track to be missing. 

9. Performs steps I through 8 at least once. 

10. If an error occurs, the device status must be analyzed. 
If a missing address mark or data check occurs, retry 
a read data instruction at least 10 times. On the first 
unsuccessful retry that indicates missing address 
marker or data check, fiag the track as defective and 
go to step II. If all ten retries are successful proceed 
with the initialization procedure from the point at 
which it was interrupted. 

For any error other than missing address marker 
or data check follow the normal error recovery pro- 
cedures, 

1 1 . Assign an alternate track unless this is an alternate 
track. 

] 2. Write identifier on the defective track with the address 
of the alternate track in the identifier and a hex value 
of 02 in the fiag byte. A defective ahernate track 
should contain its own address and a hex value of 03 
in bits 6 and 7 of the flag byte. 

13. Set the flag byte in the disk control field to hex 02. 
Perform a read identifier operation. If the address of 
the alternate track is not recoverable, the disk must be 
repaired unless this is an alternate track. 

14. Seek to the alternate track. 



The basic requirement is for one pass through steps 2 
through 8. An option must be provided to allow any 
number of passes up to 255. 

No program should change the flagging of a previously 
flagged track except as follows: 

1. Initialization programs must have the following 
additional capabilities: 

a. The option to ignore all previously flagged tracks. 

b. The option to unconditionally flag or unflag any 
individual track. 

2. Operating programs which have provision for dynamic 
flagging must perform steps 1 1-15 of this procedure. 



SUGGESTED ERROR RECOVERY PROCEDURES 

The following minimum error recovery procedures are de- 
fined for the disk and attachment. A test I/O for not ready/ 
check condition must be performed. If not ready/check is 
present perform action III from Figure 6-12. The status 
bytes and bits must be tested in the following order and the 
actions from Figure 6-12 performed when the bits are set. 



Priority Byte Bit Condition 



Action 



1 





3 


Equipment Check 


II 


2 





1 


Intervention Required 


VII 


3 


1 


5 


Overrun 




4 





5 


No Record Found 




5 





2 


Missing Address Mark 




6 





4 


Data Check 




7 





6 


Track Condition Check 




8 





7 


Seek Check 


V 


9 


1 


2 


End of Cylinder 


IV 



B 
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Action I 
1 
2 
3 



If there is rto additional error recovery procedure, perform an operator nnessage and stop. 

If there Is an additional error recovery procedure, 6xit to it. 

if the additional error recovery procedure fails, perform an operator message and stop. 



Action II 



Action III 

1 



Action IV 
1 
2 
3 



Retry the original operation or sequence of operations once. On the second occurrence of 
this error condition, p>erform an operator message and stop. Upon operator restart, do 
Action II, 



Perform a Read ID operation. If there is an error, do Action IV for the original operation. 
If no error, update the residual DFDR and N field values. 

If the present track is defective, indicate an alternate is being used, deternnine the alternate 
track from the !D field, and go to Action IV, part 2. 

Check to determine If head switching from an alternate track has just taken place. If so end 
no true error exists, go to Action IV, part 2 

Go to Action Vll. 



Update the residual disk address to the next track. 

Use the residual to obtain the next track address, Set the flag byte to zero. 

Continue the operation with updated values. 



Action V 

1 
2 
3 



If 16 recalibrate retries were attempted, go to Action I. 

Issue Q Recalibrate. 

Retry the original operation. 



Action VI 

1 
2 



If 1 6 retries have been attempted since the (est recalibrate, go to Action V, step 1 , 
Go to Action V, step 3. 



Action VII 



CAUTION 



Perform an operator message end stop. After restart, repeat the original operation or 
sequence of operations. 

If B no n recoverable disk error occurs, have a qualified customer engineer examine both 
the disk drive and the disk cartridge for damage before using the drive or cartridge for 
any subsequent disk operations. 



Figure 6-12. Disk Error Recovery Procedures 
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SUMMARY OF INSTRUCTION HANDLING 

Figure 6-1 3 sunrumarizes how the system handles disk in- 
structions under various operating conditions. 



Instruction^ 
Issued to a 
Disk Drive 
That; 



Start I/O 

Read 
Write 
or 
Scan 



Start I/O 
Seek 



Load I/O 

Test I/O 

Error 
Not Ready 

Busy 

Sense I/O 



Is Not Ready 


Hasan 

Equipment 
Check 

{ Not Caused 
by Unsafe) 


Is Unsafe 


Has the 
No-op Bit 
Active 


Is Ready and 
Not Busy 


Is Executing 
a Seek 


Is Busy** 


Is accepted 
and executed 


Accepted and 
executed 
(resets the 
equipment 
check) 


No-Op'ed 


No-Op'ed 


Accepted and 
executed 
(brings up 

FCUbusy) 


Accepted 
(will be 

executed if and 
when the seek 
IS completed 
w/o error) 


Causes an APL 
or is rejected* 


Causes an APL 
or is rejected* 


Accepted and 
executed 

(resets the 
equipment 
check) 


NO'Op'ed 


No-Op*ed 


Accepted and 
executed 
(brings up 
seek busy) 


Causes an APL 
or is rejected* 


Causes an APL 
or is rejected* 


Causes an APL 
or is rejected* 


Accepted and 
executed 


Accepted and 

executed 


Accepted and 
executed 


Accepted and 
executed 


Accepted and 
executed 


Causes an APL 
or is rejected* 


















Branch 


Branch 


Branch 








Branch 




Branch 


Brench*"* 




















Branch 


Executed 


Executed 


Executed 


Executed 
(and resets 
no-op) 


Executed 


Executed 


Executed 




* APL for Dual Program Level Systems, and rejected and looped on for One Program Level Systems. 
* * FCU busy will become active when, and only when, a read, write, or scan operation is accepted by the FCU. 
** "Branch occurs only if no-op was set due to unsafe. 

Figu^;e 6-13. Summary of Instiuction HandJlng 
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IBM 54^>5 DISK STORAGE DRIVE 



IBM 2316 Disk Pack 



The IBM 5445 (Figure 6-14) provides large capacity, high 
speed, direct access storage capability for System/3- The 
5445 is available in two modeJs—Model 1 and Model 2. 
Each nnodel covitains the mechanism needed to drive one 
removable IBM 2316 Disk Pack (Figure 6-15). Model 1 
contains the electric power supply for both models, and 
must be attached to a storage control special feature within 
the 5410. Model 2 must be attached to Model L 



The IBM 2316 Disk Pack is a compact disk assembly, 15 
inches in diameter (with cover), and weighs about 13 pounds. 
The disk pack contains 1 1 disks, each 14 inches in diameter. 
Disks are mounted one-half incVi apart on a vertical shaft. 
The disks provide 20 surfaces on which data can be recorded 
(the top of the upper disk and the bottom of the lower disk 
are not used). The entire assembly rotates once every 25 
milliseconds. 



Each 5445 provides an online data capacity of 20.48 mil- 
lion bytes for a total of 40.96 .million bytes when both 
drives are attached. (This is in addition to any disk storage 
capacity provided by an IBM 5444.) 



Care and handling procedures for 2316 disk packs are de- 
scribed in IBM Disk Pack and Chr fridge Handling Procedures, 
GA26-5756. 



Physical Characteristics 



Maximum 5445 Drives per system 


2 


Data rate 


3 1 2 kilobytes/second 


Disk rotation speed 


2400 RPM 


Average rotational delay 


12.5 milliseconds 


Maximum access time 


130 milliseconds 


Average random access time 


60 milliseconds 


Minimum access time (single 




track movement) 


25 milliseconds 


Capacity per drive 


20.48 megabytes 


Number of data cylinders * 


200 


Alternate (spare) cylinders * 


3 


Data tracks per cylinder 


20 


Number of maximum-size data 




records per t^'ack 


20 


Capacity per record (maximum) 


256 bytes (key and d, 



As used with IBM programming systems support 




Figure 6-14. IBM 5445 Disk Storage Drive 
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Figure 6-15. IBM 2316 Disk Pack 



Access r^;echanism and Disk Organization 

Information is written on and read from disk surfaces of 
the 2316 disk packs by read/write heads in the 5445- The 
20 read/write heads are positioned by a movable, comb-like 
access mechanism. Two read/ write heads are attached to 
each arm of the access mechanism, and the heads are num- 
bered to 19 from top to bottom. Therefore, heads and 
1 are attached to the upper arm, 2 and 3 to the second arm, 
etc. The heads are held just off the disk surfaces by a 
cushion of air while the disk drive is operating. 

The 20 read/ write heads always occupy a common vertical 
plane; that is, all 20 heads are always aUgned one above the 
other, so that any movement of the access mechanism causes 
identical movement of all heads. Therefore, 20 different 
tracks—one for each of the 20 disk surfaces used— are al- 
ways under the read/write heads (one head for each track) 
at each access arm position. This means that 20 tracks are 
available for read/write operations without moving the ac- 
cess mechanism. 

Figure 6-16 shows how the entire disk pack constitutes 203 
concentric cylinders of information. CyHnder numbering is 
from 000 (outermost cylinder) to 202. Tracks in cylinders 
200, 201, and 202 are specified by IBM programming prod- 
ucts as alternate tracks, and tracks in cylinders 000 through 
199 as primary tracks. If one of the primary tracks is defec- 
tive, the program assigns an alternate track in place of the 
defective track. 



Each unique track has an address that consists of the track 
cylinder number followed by its read/write head number. 




Disk Surface 
Disk Surface 1 



Disk Surface 2 
Disk Surface 17 



Disk Surface 18 
Disk Surface 19 




Cylinders 000 
through 202 



000 



The intersection of 
one of the 203 
cylinders with one 
of 20 surfaces is 
termed a track. 



Figure 6-16. Cylinder Concept 
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DATA COMPATIBILITY 



Index Marker 



Data written on a 2316 disk pack by the 5445 can be read 
by any IBM 2314 or 2319 Disk Storage Drive; data recorded 
by a 23 14 or 23 19 can be read by a 5445 if the records are 
fornnatted using the formatting procedures specified for the 
5445. When such formatting is followed, the 23 16 disk 
packs provide data interchangeability between the IBM 
System/3, IBM System/360, and IBM System/370. 



A 



The index marker signals the initial point of each track. The 
index marker is not recorded on the track or in storage. 
However, it is shown in figures in this manual as a track 
reference point. 



DATA FORMAT 

Data is recorded on the 2316 disk pack in variable- record ■ 
length format, with a maximum length of 256 bytes for the 
combined key and data fields. Twenty maximum length 
records can be recorded on one track. Decreasing the rec- 
ord length increases the number of records that can be re- 
corded on a track. (When IBM Program products are used, 
the key length is always 0, and the data length is always 
256.) 



Gap 



A gap is an area written on the track by the attachment to 
separate two adtjacent groups of data and to identify the 
group that follows the gap. This information is used by the 
attachment only. 



TRACK FORMAT 

Figure 6-17 shows disk organization and track fomiat. The 
format for each track written on the disk pack starts at a 
point on the disk called the index marker. (This point is 
specified by a signal emitted by the disk spindle as it turns 
all the disks, effectively generating synchronized index 
markers for all tracks on all disks in the pack.) A home ad- 
dress, then record zero (a track descriptor record), then se- 
quentially-numbered records follow the index marker on 
the track until the index marker is again encountered, sig- 
nalling that the entire track has been used. Gaps, automat- 
ically written by the attachment, separate the various unique 
format units and areas in the records. 



Home Address (HA) 



Flag 


Cylndr 
No. 


Head 
No. 

1 


Cyclk: 
Check 

1 


Bit Cm 
Appndg 

1 



The home address gives each track a unique track identity 
that is not affected by normal programming operations. 
Each track in a storage drive can be located directly by 
cylinder number and head number. Normal programming 
operations can use the home address area without changing 
its contents. Home addresses are transferred from the 
processing unit to the 5445 by a write home address com- 
mand, and from the 5445 to the processing unit by a read 
home address command. Home addresses are usually written 
by utility programs during file initialization. 
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Track 202 



Tracks 

through 202 



\ 




Track 

Index \ 
Marker 
lEmitted 
drive when 
each disk is 
at ttiis 
under read 
head.l 



G6 G4 










^•>. 


1 


Fiag 


1 

Cylndr 

No. 


Head 
No. 


Cyclic 
Check 


Bit Cnt 
Appndg 




/ 



i 



— Gap 



Track ID 


Check 


(Written by 


Bytes 


Write Home 




Address and 




Record 




Command 


/ 


during disk 


/ 


initialization 


y 


operation.) 


y 

V 



/ 



/ 



/ 



/ 



/ 



/ 



/ / 



Flag 


Cylrxfr 
No. 


Head 
No. 


Rec 
No. 


Key 
Lnth 


Data 
Length 


Cyclic 
Check 


BitCnt 
Appndg 



10 11 12 




B 



/ 




> 


Key 


Cyclic 
Check 

1 


Bit Cnt 

Appndg 

» 



Record 


Key /data 


Check 


Identification 


Length 


Bytes 


Field 


Field 




<Hotdi track 


{Specifies 




and record 


number 




numbers) 


of bytes 
in key and 
data fields) 





Key Field 


Check 


Data Field 


Check 


(Holds key 


Bytes 


(Holds data 


Bytes 


information 




read from 




read from 




CPU storage! 




CPU storage) 









Written by Write Key Data command durir>g disk processing procedures. 
Read by Read Key Data command during dJsk processing procedures. 



Written by Write Count Key Data command during track inKialization procedures. 

Read by Read Count Key Data command during diagnostic and data recovery procedures. 

Notes: 

1 . Records are numbered consecutively from zero for correct machine operation. 

2. Kay and data fields are variable length; therefore, track formats are not identical in record locations. If key length of zero is specified, 
the key field and its preceding gap are not included in format. 

Figure 6-17, IBM 5445 Track Fonnat and Disk Layout 
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Home Address Flag Byte (F) 



Home Address Head Number Bytes (MM) 




■■■■ —'■-■ ■' '' ■'■t'- ■ ■ 


" T 

Head 
No. 


:>-^-^ 





The home address flag byte indicates track condition and 
whether the track is a primary track or an alternate track. 
The flag byte can be transferred to the CPU by a read home 
address command. 

Normally, aJl eight bits of the flag byte are zero when the 
home address is first written by a write home address com- 
mand. Thereafter, the flag bits assume significance: 

Bit State Meaning 

or 1 Internal control bit 

1 or 1 Special control bit in Write HA and RO 

operation. 



2 





Not used. 


3 





Not used. 


4 





Not used. 


5 





Not used. 


6 




1 


Track is operative. 
Track is defective. 


7 




1 


Track is a primary track. 
Track is an alternate track 



Bits 6 and 7 must be program-propogated into the flag byte 
of each record on the track; otherwise, a check occurs. 



Home Address Cylinder Number Bytes (CC) 



This two-byte field identifies the read/ write head associated 
with the specified track. The head number, together with 
the cylinder number, identify a single track to be acted 
upon. The bits in the first head-number byte all must be 
zeros; the second byte must contain the head number (00 
through 19 decimal, or 00 through 13 hexadecimal). 

Note: The disk module holding the disk pack is specified 
by the M-bit in the program instruction used to initiate the 
J/0 operation. 

Home Address Cyclic Check and Bit Count Appendage 
Bytes (Check Bytes) 



W^- 



■■•..v.-.v^-f.-.. 



S.S-.Y '■■': 






Cydic 

Check 



Bit Cnt 

Appndg 



The two cyclic check and two bit count appendage bytes 
are generated by the attachment and used by the attachment 
for error detection and recovery. The leftmost bit count 
appendage byte is called the BCJ byte, and indicates which 
disk drive wrote the record: hexadecimal CI = 5445 drive 1, 
hexadecimal C2 = 5445 drive 2. 



Records (R^, R-j, R2, etc) 



F^ ^ 

Count sN Key ^ Data 
Area SS Area S^ Area 

F^ ^ — 



G1 G2 





Records, consecutively numbered from record zero (RO) 
upward, fill the track from the home address to the end of 
the track (delected by encountering the index marker). 



The group of tracks available to the twenty read/write heads 
at each access mechanism position comprise a cylinder. The 
cylinder number identifies the cylinder within which the 
track is situated. Ail bits in the first byte must be zero; the 
next byte holds the cylinder number (000 through 202 
decimal, or 00 through CA hexadecimal). 



Each record contains a count area and either (1) a data area 
only, or (2) both a key area and a data area. The number of 
records that can be formatted on a track is a function of the 
assigned lengths of the key areas and data areas for the rec- 
ords being formatted. 
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Record Count Area 



Count 
Area 






^ ^ " 


— — — 


Flag 


Cylndr 

No. 


Head 
No. 

I 


Rec 
No. 


Key 

Lnth 


Data 
Length 


Cyclic 

Check 

J 


Bit Cnt 
Appndg 



Record I D 



The count area identifies the record and defines th£ number 
of bytes in the key and data areas of the record. During 
record operations^ the attachment compares the record 
identification data (cylinder number, head number, and rec- 
ord number) in the disk drive control field in CPU storage 
with the cylinder number, head number, and record num- 
ber bytes in the count area of records passing under the 
read head. A compare equal condition indicates that the 
desired record is under the read head: this is called record 
orientation. If no orientation occurs, the attachment posts 
a no-record-found indication. 




Record Count Area Flag Byte (F) 



Z F — 



Flag 



mm;; 



Ret 






Ddt0 

t.Bngth 
- 1_ 






Ap^odiii 

_k 



10 



\ 1 



The record count area flag byte is formatted by the 5445 
attachment from information stored In the disk drive con- 
trol field in the CPU. Flag bit significance and their settings 
are; 

Bit State Meaning 

Indicates even-numbered record. 
1 Indicates odd-numbered record, 

1 Not used; should be zero. 

2 Not used; should be zero, 

3 Not used; should be zero. 



Bit State Meaning 

4 Not used; should be zero 

5 Not used; should be zero. 

6 Indicates operative track. 
1 Indicates defective track. 

7 Indicates track is a primary track. 

] Indicates track is an alternate track. 

The attachment causes bits 6 and 7 for all records on the 
track to be set to the values of the corresponding bits in the 
home address flag byte. 
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Record Count Area Cylinder Number Bytes (CC) 



\ — 

Cylndr 

No. 
I 









f^^l 



"ie«^' 



^ ■ 






10 



The cylinder number identifies the cylinder within which 
the record is stored. All bits in the first byte must be zero; 
the next byte holds the cylinder number, which is assigned 
by the program. The cylinder number is written from the 
disk drive control field during a write count key data 
operation; it is not checked by the 5445. 

Record Count Area Head Number Bytes (HH) 



."■v:-,"i- ■■■■ 



^m 






Head 
No. 

I — - 



^)- 



TTvT 



jji^^ 



10 



This two-byte field identifies the read/write head associated 
with the track on which the record is to be placed or from 
which the record is to be read. The head number, together 
with the cylinder number, identify the track associated 
with the record. The bits in the leftmost head-number byte 
must be all zeros; the second head-number byte holds the 
head number, which is assigned by the program. The head 
number is written from the disk drive control field during 
a write count key data operation; it is not checked by the 
5445. 

Record Count Area Record Number (R) 











yww^. 



2Lii 



Rec 
No. 




^W0' 



10 



11 



This byte identifies a particular record on the specified 
track. Records are numbered sequentially on the tiack, 
starting with the number assigned by the program to 
record zero. The number assigned to record zero is not 
checked by the 5445, but must be hexadecimal 00 for 
corr-ect disk drive operation. The number of records per 
track is limited by the addressing capability and by the 
track capacity. (When the read/write head encounters the 
index marker point on the disk track during a write 
count key data operation, the track capacity has been 
exceeded.) The record number is written on the track 
from the disk drive control field during a write count key 
data operation. 
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Record Count Area Key Length Byte (K|_) 





y.--^;i^}. ":.:.:'< 


.;■'"■*; 






;::..;..«,.■ -^^'I't-mT- 


r-^'mr.':: 


1^: 


: ^f^'- ^ 




; mm 


Key 


^^-mm,. 


'. . '&^i^. ;. 




^ ■ . ./: 


: :. t^. . 


■- , <Ni6k''= 


Lnth 


:-''h$i^fj0^'" 


: i'i^^ilw^-' 


^'-;- .ii^^iiK^ip^. 


;: ^,-. V .• 




. >■ ■■* . 


■■■■, ■■•■ ;:', ; 








•'•'■■■<.. ■■■■!ii-y:y-A'-'f-- 



The key length byte specifies the number of bytes in the 
key area of the record (excluding the cyclic check and bit 
count appendage bytes, which are check bytes). Valid key 
lengths are through 255 decinnal, or through FF hexa- 
decimal. However, in System/3, the key length is also con- 
ditioned by the data length specified, because the total value 
of the key area plus the data area on the record cannot ex- 
ceed 256 bytes (decimal). For those installations using 
IBM programming systems support, the key length must be 
zero. 



Record Count Area Data Length Bytes (D|^) 













1 

Data 
Length 




■ -• t • - ^ 



B 



The data length bytes specify the number of bytes in the 
data area of the record (excluding the cyclic check and bit 
count appendage bytes, which are check bytes). Valid data 
lengths are through 256 decim^, or through 100 hexa- 
decimal. However, in System/3, the data length is also con- 
ditioned by the key length specified, because the total value 
of the data area plus the key area on the record cannot ex- 
ceed 256 bytes (decimal). For those installations using 
IBM programming systems support, the data length must 
be 256 bytes for all records except record zero, which is 
assigned a data length of 8 bytes. 



Record Count Area Cyclic Check and Bit Count Bytes 



;^ '' r ;': "" 



:^:% 







Cyclic 

Check 



Bit Cnt 
Appndg 



10 



11 



The two cyclic check and two bit count appendage bytes 
are generated by the attachment and used by the attach- 
ment for error detection and recovery. The leftmost bit 
count appendage byte is called the BCl byte, and indicates 
which disk drive wrote the record: hexadecimal CI = 5445 
drive I , hexadecimal C2 = 5445 drive 2. 
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Record Key Area and Data Area (Key/Data Area) 



Record Data Area Data Bytes 




These two record format areas hold the application-oriented 
information in the record, and should always be considered 
as a single entity for System/3 programming and operations. 
For example, the total number of bytes of combined key 
and data information in a record cannot exceed 256. If the 
key area is omitted from the record (a key length byte of 
zero), the gap preceding the missing area is also omitted 
from the record. (Note: When counting data bytes for the 
areas, do not consider the cyclic check and bit count 
appendage bytes as part of the areas.) 




The data-area data bytes can contain the information iden- 
tified by the count and key areas of the record. Data in- 
formation is organized and arranged by the progranuner. 
The number of data bytes in the data area is specified by 
the data-length bytes in the count area, but can never ex- 
ceed 256. 



Record Key/Data Area Cyclic Check and Bit Count Bytes 



Record Key Area Key Bytei 




The key-area key bytes can contain record identifying in- 
formation such as serial number, social security number, or 
policy number. The number of key bytes in the key area is 
specified by the key-length byte in the count area, but can 
never exceed 255. 




Cyclic 
Check 



Bit Cnt 
Appndg 




Cyclic 
Check 



Bit Cnt 
Appndg 



The cyclic-check and bit-count-appendage bytes are gen- 
erated by and used by the attachment for error detection 
and recovery. The leftmost byte of each set of bit count 
appendage bytes is called a BCl (bit count indicator) byte, 
and indicates which disk drive wrote the record: hexa- 
decimal Cl = 5445 drive 1 , hexadecimal C2 - 5445 drive 2. 
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DISK DRIVE CONTROL FIELD (DDCF) 



He 


c 


H 


H 


R 


^ 


°L 


°L 


N 



The disk drive control field is a program-defined field in 
niain storage that contains a ten-byte control argument for 
aU start I/O instructions. The DDCF can start on any byte 
boundary addressed by the disk drive control register 
(DDCR). As shown below, ail the bytes except the N-byte 
in the DDCF have diiectly-related bytes in the disk home 
address and record count areas. 



Disk Track 
Home Address 



Disk Drive 
Control Field 



Disk Track 
Record Count 
Area 



Flag 



Cvlndr 
No 



Head 
No 




Flag 



n 



Cvlndr 
No 



— I — 
Head 
No 

I 



Rec 
No 



Key 

Lnth 



1 

Data 
Length 




E 



It is generaJJy necessary to preload the defined DDCF with 
the control argument for the operation before issuing a 
disk-related start I/O command. Program modification of 
the DDCF must not be attempted while the disk drive at- 
tachment is busy. The functional significance of each DDCF 
byte except the R-byte and the N-byte is identical to that 
of the corresponding byte in the disk track record count 
area. 



DDCF R-Byte 



DDCF N-Byte 



^•P'MM:^^ 



PD^^ N 



This byte specifies the number of additional fixed-format 
records to be operated on. Therefore, a control field with 
an N-byte of 5 specifies an operation on the addressed rec- 
ord and the following five records. (For additional informa- 
tion about the N-byte, see "Multiple Fixed-Format Rec- 
ords".) 






^f 









m 



:tv 



This byte specifies the sequential number of the record on 
the track. Valid record numbers are through 255 decimal 
(00 through FF hexadecimal). The R-byte must match the 
corresponding byte in the disk count area before record 
orientation can occur. (Also see "Multiple Fixed-Format 
Records".) 
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Multiple Fixed- Format Records (Multiple Records) 



RESIDUAL VALUES 



Fixed format records are defined as contiguous records 
having equal length key areas and equal length data areas. 
Therefore, a control field with an N-byte specifying other 
than zero causes a multiple fixed-format record (often re- 
ferred to simply as multiple record) operation. 

After a record has been successfully operated on, the attach- 
ment: 

1. Decrements the N-byte by 1 . (Decrementing by 1 
from an N-byte value of zero places a hexadecimal FF 
in the N-byte.) 

2. Examines the contents of the N-byte. If the N-byle 
now holds FF, there are no more records to be oper- 
ated on and the operation ends. If the N-byte con- 
tains other than FF, the value contained in the N- 
byte, plus I, specifies how many more records must 
be operated on, and the attachment continues with 
step 3, 

3. Increments the DDCF R-byte by one to specify the 
next sequential record as the record to be operated 
on, and 

4. Performs the operation specified by the instruction 
on the record specified by the updated R-byte. 

Note: These functions are slightly modified if head switch- 
ing occurs during the operation (see "Head Switching'*). 



Head Switching 

During multiple record operations, a single start ]/0 instruc- 
tion can cause as many as 256 records to be operated upon 
(the record specified by the R-byte, plus another 255 
identically-formatted records trailing the specified record 
in the disk drive, as specified by an N-byte of FF in the 
DDCF). In many cases, some of the multiple records must 
be read from the originaUy -specified track, and the next 
records must be read from a second track. To operate on 
records from two different tracks as the result of a single 
instruction, the attachment switches read/write heads, 
switching from the presently-active head to the next-higher 
numbered head after the last record on the original track 
has been operated upon. IXiring head-switching, the attach- 
ment increments the head number by one and resets the 
record number to one. Therefore, the next record operated 
on is record one (note that record zero is bypassed) of the 
newly-selected track. 



The data held by the DDCF, DDCR, DDDF, and DDDR 
at the end of each start I/O operation is particularly impor- 
tant for error recovery. These residual values at the end of 
each normal-end I/O operation are discussed with the 
write-up about the operation. This section defines residual 
values when check ending status is posted. 



Disk Drive Control Field [DDCFl Residuals 



The unshaded portions of the DDCF are updated by the 
attachment as each record is operated on. 

N-Byte: Decremented by one after record orientation. 

R-Byte: Incremented by one after record orientation 
if the last record specified has not been 
operated on and if check status was not posted 
for the last record that was operated on. If 
head-switching occurs, the R-byte Is forced to 
a one so that the first record read from the 
next track is record one. (Note that record 
zero is bypassed during head-switching.) 

H'Byte: The head number (second H-byte) is incremen- 
ted by one at the index marker after record 
orientation if: (1) the last record specified by 
the instruction has not been operated on by 
the drive (that is, if the N-byte does not hold 
FF) and (2) no check status except end-of- 
cylinder is posted. 

• If any of the following check bits are posted, the record 
identifier portion of the DDCF contains the address 
of the last record being operated on: 



Format Error 


Byte 



Bit 



Missing address marker 
Data Check 
No record found 







2 
4 
5 


Data overrun 





7 



Note: If head switching occurs from head 19 to head 20 
(which is a non-existent head) the file stops with an end-of- 
cylinder condition posted. 



# If end-of-cylinder status is posted, the R-byte and 
N-byte residuals are valid and can be re-used when the 
data operation is restarted on a new cylinder. 
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The number of records processed can be derived from 
the residual value of the N-byte: 

1. If N= hexadecimal FF, the specified number of 
records, Nq + 1 , have been operated on (where 
Nq represents the value in the N-byte at the start 
of the operation). 

2. If N= hexadecimal FF, the number of records 
operated on equals Nq - N (where Nq represents 
the value in the N-byte at the start of the operation, 
and N represents the residual value in the N-byte). 

If equipment check status is posted, the integrity of the 
DDCF cannot be guaranteed. 



Disk Drive Control Register (DDCR) Residuals 

The disk drive control register is returned to its initiahzed 
value at the end of any operation in which it is used. 

• If an equipment check is posted for the operation, the 
contents of the register are not guaranteed. 

• If end-of-cylinder status (status byte 1, bit 5) is posted 
during a multiple record operation, then the contents 
of the DDCR are equal to the initialized value plus 2, 



Disk Drive Data Field (DDDF) Residuals 

DDDF residuals for any normal operation except read are 
identical with the initialized data. At the end of a write 
operation, the DDDF contains the data from the key and 
data fields of the specified record. If the instruction 
executed specified the reading of multipJe records, then 
the key and data fields of sequentially-read records will 
occupy contiguous positions of the DDDF without any 
indication of where one record ends and the next record 
starts. 



Disk Drive Data Register (DDDR) Residuals 

At the end of scan and write count key data operations, the 
DDDR contains the initial value. At the end of data 
overrun operations, the DDDR contains the address of the 
last DDDF position acted upon. At the end of all other 
operations, the DDDR contains the address of the last 
DDDF position acted upon, plus one. 



5445 TIMINGS 

IBM 5445 Disk Access Times 

• Minimum: 25 ms 

• Average: 60 ms 

• Maximum: 330 ms 

For more exact access timings, see Figure 6-18. 
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Figure 6-i8. 5445 Disk Access Times 



Command Execution Times 

GeneralJy, command execution time represents that period 
of time during which the response to a test for f/0 attach- 
ment busy is positive. The start I/O control commands 
specifying seek and recalibrate operations require additional 
seek busy time to complete mechanical motion and head 
switching. Head switching during multiple record operations 
also requires additional time. For rough timings, assume an 
average rotational delay time of 12.5 milliseconds, and a 
factor of 3.2 microseconds for each byte acted upon. See 
Figure 6-19 for the command execution timings formula, 
which allows you to derive more exact command 
execution timings. 
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Command Type 


Notes 


Busy Times 


Control 

Seek 

Head Select 
Head Motion 

Recefibrate 


3 


Seek Busy (Max/Min) 


Attachment Busy (Max/Min) 


- 30/20 microseconds 

-.53(C-7)+ 25 milliseconds 
where: l < C < 202 

130/25 microseconds 


30/20 microseconds 
34/26 microseconds 

50/25 milliseconds 


Read 

HA and RO Count 

KD 

CKO 

Verify 


1.4 

1.2,4 

1,4 

1,2,4 


Attachment Busy 

= 269 microseconds 

(N-1 ) 
= 3.2< S ( D, + (K, +45) ] + 112 N + 77 >microseconds 
I Record 1 "- "- j 

= 3.2 ( 189+ 2D,_ + 2{K,_ + 45) j microseconds 
Same as Read KD 


Write 

HA and RO 

C-K-0 

K-D 


1 
1.2,4 


* 25 milliseconds 

Assume an average execution time of 12.5 milliseconds 

Same as Read KD 


Scan 


1.2,4 


Same as Read KD 




Notes: 

1 Average rotational detay time of 12.5 milliseconds is not cons^'dered. 

2 522 microseconds must be added for each head switching action required for multiple record operations. 

3 Seek busy for head motion is an approximate formula. 

4 The term (K. +46) must be set equal to zero when K, - 0. 
N = Number of records in excess of one to be operated on. 



Figure 6-19. 5445 Command Execution Timings 
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5445 INSTRUCTIONS 

Start I/O 
Mnemonic: SIC 



A single start I/O specifying read, write, or scan is provision- 
ally accepted by the 5445 for later execution if either drive 
is executing a seek. If error conditions are set at the end of 
the seek when a read, write, or scan has been provisionally 
accepted, the read, write, or scan command is ignored (no- 
oped) and the no-op bit is set. 



Op Code Q Byte 



F3 



IIOOj Ml N 



Control Byte 



Control Code 



'Specifies the disk operation to 
be performed : seek, recalibrate, 
read, write, scan, diagnostic 
commands. 

|0= 5445 Model 1 
i 1 = 5445 Model 2 



A seek instruction on one drive can be overlapped with a 
seek on the other drive. A read, write, or scan on one drive 
can be overlapped with a seek on the other drive if the seek 
is issued first. Overiapping will not occur if the seek is is- 
sued during a read, write, or scan operation. 



The start I/O instruction uses the contents of the disk drive 
data (address) register as the initial CPU storage address of 
all disk record data fields. It uses the contents of the disk 
drive control (address) register as the address of the disk 
drive control field in CPU storage. 



Operation: This instruction selects a drive and disk track 
and specifies the operation that is to be performed. The N 
code of the Q byte and bits 5, 6, and 7 of the control code 
byte specify the operation to be performed. 



A start I/O addressed to an unsafe drive is not accepted; 
both the no-op bit (status byte 0, bit 6) and unsafe (byte 
], bit ]) are set. 



Operation 



Seek. 

Recalibrate, 

Read Key Data. 

Read Home Address and Record Zero. 

Read Count Key Data Special. 

Read Verify Key Data. 

Read Buffer Diagnostic (CE diagnostic). 

Write Key Data. 

Write Home Address and Record Zero. 

Write Count Key Data. 

Scan Key Data Equal. 

Scan Key Data Low or Equal. 

Scan Key Data High or Equal. 
* Any N code not listed causes the processing unit to stop 
with a processor check and an invahd Q byte indicated. 
** Control byte bits 0, 1 , 2, 3, and 4 are not used; they 
should be 0. 

Issuing any start I/O instruction to a control unit that is 
busy or issuing a start I/O seek instruction to a drive that 
is not ready causes an automatic program level advance in 
systems with the dual programming feature installed; if the 
feature is not installed, the program loops on the start I/O 
instruction until the condition is corrected. If the program 
addresses drive 2 and drive 2 is not installed in the system, 
a processor check with an invalid Q code indication occurs. 



NBits 


Control 


5,6,7* 


Bits 




5,6,7*» 


000 


000 


000 


00] 


001 


000 


001 


001 


001 


010 


001 


oil 


001 


111 


010 


000 


010 


001 


010 


010 


011 


000 


Oil 


001 


oil 


010 



Example: 



Instruction (to read key and data from file 1) 



F3 



1100 I 1 001 
— Ji I 



0000 0000 



Disk Drive Control Register 



02 


00 



Disk Drive Data Register 



04 


00 



Disk Drive Control Field 
F C C H H 



00 


00 


14 


00 


06 


10 


00 


00 


28 


00 



2000 (CPU Storage Address 



The disk drive data field starts at CPU storage address 
0400 and ends at 0428. Before the operation, the DDDF 
should be initialized to blanks; at the end of the operation, 
the DDDF will contain data from cyHnder 14, head 6, 
record 10 (hexadecimal). 
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5445 SEEK OPERA TION 

The seek control command selects one of 4000 primary 
tracks or one of 60 alternate tracks on the disk drive 
specified by the DA and N bit portion of the Q byte. 
After a seek operation, a cylinder xtmzv[\% selected until 
a different cylinder is selected by a subsequent seek or 
recalibrate operation. A track remains selected untU a 
different track is selected by a new seek or recalibrate 
operation or until automatic head switching occurs. (A 
track that is initially selected by a seek or recalibrate 
operation will be changed by any subsequent multiple- 
record read, write, or scan command that causes auto- 
matic head-switching to occur.) 

The seek command does not verify that the correct track 
has been selected. Invalid cylinder and head number 
checking is not performed. 

A "zero cylinder seek" (that is, seek to the same cylinder) 
is provisionally accepted (stacked) while a seek or 
recalibrate command is being executed. Tlie system 
executes the command at the end of the seek operation 
unless equipment check status (byte 0, bit 3) has been 
posted. 



Initial Conditions 

Z)Z)CF--contains the five-byte "seek" address format 
(FCCHH) used to specify the "seek to" cylinder and head 
number. The five remaining bytes in the DDCF are not 
used. 



Not 
Used 



"Seek to" 
address 



Not used for 
seek operation 




Z)Z)C/? "Must contain the address of the left-most (high- 
order) byte of the DDCF. 

Z)/)/)F"LJnchanged. 

Z)Z)/)/?-LJnchanged. 

In-Process Conditions 

Test //(^--Selected device seek-busy response is positive 
until the seek operation has been completed and the read 
head has settled enough to read data without errors. 

res///(9--Attachment busy is positive: 

1 . From the time the seek command is issued until 
the drive has accepted the seek information, or 

2. From provisional acceptance of a read, write, or 
scan command until the operation has been 
completed. 

An overlapped seek operation can be initiated if the 
selected device is not seek-busy or attachment-busy. 

Ending Conditions 

Z?Z)CF-Remains unchanged. 

DDCR-Coniddxis the initialized address. The contents of 
the register are unpredictable if equipment check status 
is posted. See "Disk Drive Control Register" description. 

Ending Status 

See "Ending Status Conditions." 



5445 RECAUBRA TE OPERA TION 



F--Not used. 

CC-A two'byte cylinder number field that specifies the 
cylinder number. Byte 1 should be hexadecimal 00, and 
the second byte must be the hexadecimal number of the 
cylinder. Cylinders are identified by decimal numbers 
000 through 202, or hexadecimal GO through CA. Cylinder 
numbers are not hardware checked, 

HH--A two-byte head number field which specifies the 
head number. The first byte should be set to zero. The 
second byte is set to the binary number of the "seek to" 
head. Decimal head numbers for byte 2 are 00 through 
19, or hexadecimal 00 through 13, Head numbers are 
not hardware checked. 



The recalibrate control command starts a direct seek to 
cylinder zero and head zero. Execution is the same as 
that for the seek command except for command 
execution times. Initial control and register fields need 
not be specified and therefore remain unchanged. 



READ HOME ADDRESS AND RECORD ZERO 
OPERATION 

Read home address (HA) and record zero (RO), transfers 
all data from the five-byte home address field (FCCHH) 
and all data from record zero on the track under the 
active read head into main core storage. The 5445 locates 
the home address area, then reads the home address into 
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the disk drive control field in CPU storage and reads 
record into the disk drive data field in CPU storage. 
Record key length and data length are obtained from 
the RO count area on the actual disk. 



Initial Conditions 

Z)Z)CF--Destination field for the data In the first Viwe 
bytes (FCCHH) of the home address area of the active 
track. (These bytes Jiold the flag data and the track 
address.) 

DDCR"Mn%i contain the address of the left-most byte of 
the DDCF. 

DZ)Z)F"Destination field for data from record zero (RO) 
of the active track. 

Field leftgth'-ikey length + data length + 9). 

DDDR-'Mwsi contain the address of die left-most byte of 
t!ic DDDF. 



/;/ Process Conditions 

Busy to all commands except sense 1/0 until test I/O 
"attachment busy" is negative. 



Ending Conditions 

Z)Z)CF"Contains flag byte and track number from the 
home address area of the track. 

Z)Z)CK "Contains the intiial address. (If an equipment 
check is posted, tlie contents of the register are not 
guaranteed.) 

Z)Z)Z)f'"C on tains data from record zero count field. 

Z)Z)Z)/? "Contains the starting DDDR value, plus nine. 

Ending Status 

See "Ending Status Conditions.*' 



in CPU storage. Record orientation is conditioned (that 
is, the correct record is assumed to have been found on 
the track) when the flag and identifier fields of a record 
on the disk track exactly match those fields in the disk 
drive control field (DDCF) located in CPU storage. 

The key and data lengths need not be specified in core, 
because these lengths are automatically read from the 
actuaJ disk record by the attachment. 

The attachment reads key and data fields into contiguous 
positions of the disk drive data field (DDDF) in CPU 
storage. The drive reads one more than the specified 
number of multiple fixed-format consecutive records 
(up to a maximum of 256 records) during this operation 
if the disk drive control field N byte specifies a number 
greater than zero. As soon as each record is read, the 
attachment increments the DDCF record number byte 
(R) by 1 , and decrements the DDCF N-by te (N) by 1 . 

When properly specified by the disk drive control field, 
record zero (RO) on a track can be read. However, the 
drive bypasses RO whenever RO is encountered after 
head switching during multiple-record operation. During 
head switching operations, the attachment selects 
record one on the next sequential track as the next record 
to be read, thereby bypassing record zero. 

Note: Head switching occurs at index time if record 
orientation was successful and muUipIe records are 
being read. 



Initial Conditions 

DDCF-Musi contain the starting disk record address. 

DDCR-Musi contain the address of the left-most byte 
of the DDCF located in CPU storage. 

DDDF-CPV storage area to receive the contiguous key 
and data fields from disk storage. Field Length = (N+1) 
(key length + data length). 

DDDR-Musi contain the address of the left-most byte of 
the DDDF. 



HEAD KEY DA TA OPERA TIQN 



The read key-data operation transfers one or more disk 
records from the selected 5445 track into main CPU 
storage. Reading begins at the record specified by tlve 
identifier field (CCHHR) in the disk drive control field 



In Process Attachment Status 

Attachment returns busy to all instructions except the 
sense I/O. 
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Ending Conditions 

DDCF-\(itni\V\tx portion contains the address of the 
last record read. The N-byte portion residual equals 
hexadecimal FF if all records have been read. 

DDDF-Cor\\z\m contiguous key and data fields read 
from the disk. 

DDDR-'Qonizm% the address of tiie last DDDF location 
operated on, plus one. That is: (disk drive data record 
zero + (N+l) (key length + data length) where the disk 
drive data record zero is the initialized contents. 



Ending Status 

See "Ending Status Conditions." 

READ COUNT-KEY-DATA OPERATION 

This instruction recovers a single record under the 
foUowing circumstances: 

• The record being read has a defective count area. 

• The key and data lengths of the record being read 
are unknown. 

If record (Rn) is being read, the attachment starts the 
operation by orienting on record Rn-1 and then spaces 
over the following key and data fields of Rn-1 . Reading 
begins at the next Rn count area. The drive transfers 
the first nine bytes of the Rn count area into the DDCF 
in the CPU. Reading continues with the attachment using- 
the key and data lengths extracted from the Rn count 
area, and transferring the contents of the key and data 
fields from disk record Rn into the DDDF. 

Reading can begin at record RO with the appropriate 
DDCF specification. 

Initial Conditions 

DDCF-'Musi specify the address of the disk record (Rn) 
to be recoyej-ed. The attachment orients on record Rn-1. 

DDCR-Musi contain the address of the left-most byte 
of the DDCF. 

DDDF-CPl] field that will receive the contents of 
contiguous key and data fields from the disk drive. 
Field length = (key length + data length). 



DDDR-Musi contain the address of the left-most byte 
of the DDDF. 

In Process Conditions 

The attachment is busy to all commands except sense 
I/O. For command execution timings, see "Command 
Execution Times". 



Ending Conditions 

DDCF-ideniirier portion contains the address of the 
last record read. 

Z)Z)C/? -Contains the initialized left-most byte address 
of the DDCF. 

DDDF--Conizins data read from count, key, and data 
fields on contiguous disk records, 

DDDR-Coni^'ms the address of the last DDDF location 
operated on (That is: disk drive data record zero + key 
length + data length + 9) where disk drive data record 
zero is the initialized contents. 

Ending Status 

See "Ending Status Conditions." 



VERf FY KEY-DATA OPERATION: 

The verify key-data operation performs a **read back" 
check of the key and data fields. This operation is the 
same as a normal read key-data operation, except that 
data transfer does not take place. The attachment 
performs the "read back" check by comparing generated 
cyclic-check and bit-count fields with the corresponding 
fields read from the selected disk. Key and data fields 
that are read are not compared. 

To ensure that data has been written accurately, issue 
a verify key data instruction immediately after any write 
command that modifies the key or data fields. Verifica- 
tion begins at the record specified by the identifier 
portion of the DDCF. The attachment reads the key 
length and data length from the count field of the 
record on the disk, so these lengths do not have to be 
supplied by the program. To verify multiple consecutive 
records, specify the number of records to be verified, 
plus one, in the DDCF. 

A maximum of 256 records can be verified without re- 
issuing a new command. 
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Head switching can occur during command execution. 
However, during head switching operations, the drive 
starts examining records on the new disk at the index 
marker and searches until it encounters the record 
assigned the hexadecimal number 01 before it restarts 
the verification function. This means that record zero 
is not verified. 

Initial Conditions: 

DDCF-Musi contain the address of the first record to be 
verified, and the number of records (N+1) to be verified. 

DDCR-Musi contain the address of the left-most byte of 
the DDCF. 

DDDF-Noi used. 

DDDR-Noi used. 

In Process Conditions: 

The attachment is busy to all commands except sense 
1/0. See '^Command Execution Times" for command 
timings. 

Ending Conditions: 

DDCF-Identifier portion contains the address of the 
last record verified. The N-byte portion contains 
hexadecomal FF if aJl records have been verified. 

/)/)C/? "Contains the initialized left-most byte address of 
the DDCF. 

DDDF-Rermms unchanged. 

DDDR-^Rtrmins unchanged. 

Ending Status: 

See "Ending Status Conditions." 



WRITE HOME ADDRESS AND RECORD ZERO 
OPERATION 



A write HA and RO operation usuaJly establishes track 
identify. Each track must be iniliaJized with a write home 
address and record zero operation before a data operation 
that involves Record can be performed. Thereafter, 
records written on the track must be numbered consecu- 
tively as the records are first written. 



The write HA and RO operation starts with the disk drive 
examining bit ] of the DDCF (disk drive control field) 
flag byte. Then, when the drive senses the index marker, 
the drive writes the home address, record zero, and their 
associated gaps in the following sequence: 

1 . Gap 4 (G4). This gap contains 73 bytes if the Hag 
byte bit 1 is 0, or 778 bytes if bit 1 is 1 . (This data 
is generated by the drive.) 

2. Data from the F, CC,.and HH bytes of the DEX^F. 

3. Two cyclic check bytes, then a BCI (bit count 
indicator) and a BCA (bit count appendage) byte 
that are generated by tlie drive. 

4. Gap 5 (G5), which is generated by the drive. 

5. Record zero. The FCCHHR portion of the count 
field in the DDCF is used to format the count area 
of record zero. Then, the key and data fields for 
record zero are written onto the disk track. As 
record zero is written, the drive generates and 
writes gaps 1 , 2, and three, as required. 

Note: R must be assigned the hexadecimal number 00 by 
the program to ensure correct disk operation. However, 
the drive does not check the program-assigned number 
during this operation. 

6. After record zero has been written, the drive fills 
the remainder of the track with hexadecimal FF 
bytes. 

Programmers Note: 

After the operation is complete, the program should issue 
a read home address and record zero command. If a check 
status results during each of several successive rereads, 
the program should set the flag byte bit 1 to a 1 , and 
re-issue the write home address and record zero command. 
The program should then assign an alternate track for the 
defective track, load the alternate track address into the 
count area of record zero with a write count key data 
command (that indicates the primary track is defective), 
then write the entire record zero onto the alternate track 
specifying the address of the defective track in the record 
zero count area along with the indication that this is an 
alternate track. Flag byte bit 1 is not written on the disk 
record when the bit is being used for displacement control. 

Initial Conditions 

DDCF-Conimis the FCCHHR KL DL DL N field 
specifications for HA and RO. 
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FCCHH'-HA flag and home address. 

FCCHHR'-RO count- area flag and identifier. 

AX DL DL--RO key length and data length specifications. 

TV-Not used. 

DDCR-Musi contain the address of the left -most byte 
of the DDCF. 

Z)Z)Z)F-Contains contiguous RO key and data fields. 

DDDR-Musi contain address of the left-most byte of 
the DDDF. 

In Process Attachment Status 

The attachment is busy to all instructions except sense I/O. 

Ending Conditions 

DDCF-Conisdns the original contents with N unchanged. 

Z)Z)C/? -Contains the initialized address. 

DDDF-The original contents are unchanged. 

£)/)£)/? -Con tains the address of the last DDDF position 
operated on plus one. 

Ending Status 

See "Ending Status Conditions." 

iW/ TE COUNT'KE Y-DA TA OPERA TION 

This is a single track initialization operation used to format 
single or multiple fixed-format records (RO through Rn). 
The disk drive starts formatting records at the record 
specified by the record identifier in the DDCF and formats 
N+1 records. The drive formats the count, key, and data 
areas as specified by the DDCF. The FCCHR of the count 
area is obtained from the DDCF. Key and data fields to be 
written are obtained from contiguous positions within the 
DDDF. Corresponding field length counts, KL and DL, 
are obtained from the DDCF. As the drive writes on the 
track, the attachment accumulates a KL + DL sum. A 
sum greater than 256 sets wrong length record (WLR) 
status and terminates the operation. 



If record Rn is to be formatted, the attachment starts 
the operation by orienting on record (Rn-1), then spaces 
over (but ignores) Rn-1. The drive then formats record 
Rn. After (N+1) records have been formatted, the 
remainder of the track is filled with hexadecimal *FF' 
bytes. For orientation on record Rn-I, corresponding 
CCHHR fields contained in the DDCF and the count 
area read from disk must compare. (The R byte of the 
FCCHHR field contained in the DDCF is initially 
decremented by one for comparison with the corresponding 
ID field contained in Rn-1.) When record ROis specified 
as the starting record, the drive orients on the last two 
bits of the home address flag byte. If the flag in core 
equals the flag on the disk, orientation occurs. 

The attachment obtains track condition bits 6 and 7 from 
the flag byte in the DDCF. Bit of the flag byte is 
always written as a zero in RO, and alternates to one and 
zero in subsequent records. 

WRITE COUNT-KEY 'DAT A-iFORMAJTlNG) 
OPERATION 

Multiple consecutive fixed-format records can be 
written on a single track by specifying an N-byte greater 
than zero. A write C-K-D command must be re-issued for 
each track to be formatted. Track overrun status is posted 
if the read head encounters the index pointer before 
execution all the specified information has been written 
on the track. The record number (R) in the DDCF is 
automatically incremented by one and the N-byte is 
decremented by one as each record is written. The 
source program is responsible for observing track capacity 
limitations. The program must verify initialization by 
issuing an independent read verify key data command in 
order to meet file performance specifications. 

The key and data fields of one record are identical with 
those of all other records, because the DDDR contains 
its initial value at the end of formatting each record. 



Initial Conditions 

DDCF-Contains the initial control field bytes (FCCHHR 
KL DL DL N) used to specify the starting record address, 
key and data length counts and the number of records 
(N+1) to be written. 

DDCR-Musi contain the address of the left-most byte 
of the DDCR. 
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DDDF-Conimns the information for contiguous key and 
data fields of the record to be written. 

DDDR-Musi contain the left-most byte address of the 
DDDF. 

In Process Conditions 

The attachment is busy to all instructions except sense I/O. 

Ending Conditions 

Z)Z)CF"Unchanged. 

Z)Z)C/? "Contains the intiialized DDCF address. 

Z)Z)Z)f-Contents remain unchanged. 

/)/)/)/? -Contains the initialized DDDF address. 

Ending Status 

See "Ending Status Conditions." 

WR/ TE KE YD A TA OPERA TION 

The write key-data operation transfers specified key and 
data fields from main storage to the selected disk drive 
and track. The attachment compares the flag and identi- 
fier field (FCCHHR) of the DDCF with the same flag, and 
identifier field of the count area read from the selected 
track. Comparison begins with the first count area read. 
A successful comparison is cdM^d record orientation. 
Following record orientation, the result of the count 
field comparison and field checking determines how the 
write operation proceeds. 

• // the DDCF Counts are equal and field checking shows 
no errors, then writing begins in the key and data areas 
of the oriented record. A mismatch sets the no record 
found status and terminates the operation after field 
checking. 

As the drive writes each record, it generates check field 
bytes and appends them to each key or data field, as 
required. 

The drive writes multiple fixed-format consecutive records 
if the DDCF N-byte is greater than zero. After initial 
orientation, the attachment decrements the N-byte by 
'one'. When a multiple-record operation is specified, the 
attachment updates the DE>CF by adding 'done' to the 
record number (R-byte) and subtracting 'one' from the 
N-byte as each record is operated on. 



Writing can begin at record RO if the DDCRR-byte in the 
DDCR specifies 0. However, the drive bypasses RO if RO 
passes the read head after head switching during a 
muJtipIe-record operation. 

Initial Conditions 

Z)Z)C/^"Contains the initial control field bytes (FCCHHR 
KL DL DL N), Specifies the starting record address, 
key and data length counts, and the number of records 
(N+1) to be written. 

DDCR-Musl contain the address of the left-most byte of 
the DDCF. 

Z)Z)Z)/^"C on tains contiguous key and data fields to be 
written onto disk storage. 

Length = (N+1) (KL+DL) 

DDDR-Musi contain the address of the left-most byte of 
the DDDF. 



In Process Conditions 

The attachment is busy to all instructions except sense I/O. 

Ending Conditions 

Z)Z)Cf "Contains the address of the last record written or 
attempted to be written. 

Z)Z)C/? "Contains the initialized left-most byte address of 
the DDCF. 

Z)Z)Z)F-Contents remain unchanged. 

/)/)/)/? -Contains the address of the last DDDF position 
operated on plus one, or: 

Disk drive data record RO + (N+I) (KL + DL) 

Ending Status 

See ^'Ending Status Conditions." 

SCAN OPERATIONS 

A scan operation compares a record in main storage with 
a record stored on the disk drive. A "scan under mask^' 
is implemented by inserting hexadecimal *FF' mask 
characters into positions of the storage argument that 
are to be masked out (that is, that are not to be 
compared). 
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Scan equal, scan high or equal, and scan low or equal 
operations are provided. A scan hit is a testable state 
(state-3) within the test 1/0 instruction. A sense I/O 
instruction must be issued to determine if a scan equa) 
condition is found during a scan equal operation or 
scan high or equal operation. 



SCAN KEY-DATA EQUAL 

The scan key -data equal operation compares the contents 
of the key and data fields read from the selected disk 
drive with a corresponding key and data comparison 
field argument in CPU storage. Comparison begins at the 
record specified by the identifier field (CCHHR) in the 
DDCF. Single or multiple-byte fields can be "scanned 
under mask" by inserting a mask character (hexadecimal 
*FF') in byte positions of the CPU storage argument not 
to be compared. N+1 consecutive records can be scanned 
if the appropriate N-byte in the DDCF is specified. A 
maximum of 256 records can be scanned by a single 
instruction. After identifier orientation, the key-and-data- 
length-count fields specified determine how the scan 
proceeds: non-zero DDCF counts cause both key-and-data 
fields to be scanned. A mismatch between count fields 
sets no record found status and terminates the operation 
after field checking. 

Scanning can begin at record RO with the appropriate 
DDCF specification. However, RO is bypassed if 
encountered after head switching during a multiple- 
record operation. 

The scan operation proceeds until: 

• A scan-equal condition is found. 

• N+1 records have been scanned. 

• An end-of-cyiinder condition is detected. 

• An equipment check or a data check is detected. 

During the operation, the DDCF record number (R) 
is incremented by one and the N-byte decremented by 
one after each record has been scanned. Multiple- 
record head-switching occurs at index time provided 
record orientation is successful. 

Iniiial Conditions: 

DDCF-Coniz'ms the starting record address. 

DDCR-Musi contain the address of the leftmost byte 
of the DDCR. 



DZ)DF"Contains the comparison-field argument. The 
DDDF is partitioned into key-and data fields using the 
length counts specified in the DDCF, 

DDDR-Musi contain the address of the leftmost byte 
of the DDDF. 

In-Process Conditions: 

The attachment is busy to all instructions except sense I/O. 

Ending Conditions: 

DDCF-Contains the address of the record in which a 
scan hit was found. 

Contains the address of the next record to be scanned if 
N+1 records are scanned and a scan hit is not found. 

DDCR -Contains the address of the initialized leftmost 
byte of the DDCF. 

DDDF-Remains unchanged. 

DDDi? -Contains the address of the initialized DDDRo. 

Ending Status: 

See "Ending Status Conditions." End-of-cylinder status 
is not posted if the operation ends prior to EOC detection. 

SCAN KEY-DA TA LOW OR EQUAL 

This is a scan operation that is similar to scan equal. Field 
comparison results are based on low or equal conditions. 
A scan hit condition is set when the specified key and 
data fields read from the selected disk drive are lower than, 
or equal to, the masked argument in the DDDF. A scan 
iiit can be tested for by a test I/O (TIO) instruction. If a 
scan equal condition is found, the scan-equal status bit 
(byte 1, bit 6) is set. 

SCAN KEY-DATA HIGH OR EQUAL 

This is a scan operation similar to scan equal. Field 
comparison results are based on iiigh or equal conditions. 
A scan hit condition is set when the specified key and 
data fields read from the selected disk drive are higher 
than, or equal to, the masked argument in the DDDF. 

A scan hit can be tested via the TIO instruction. If a 
scan-equal condition is found, the sacn-equal status bit 
(byte Ubit 6) is set. 
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Test I/O and Branch 

Mnemonic: TIO 

Op Cod« Q Byte 



Zl 



1 1— 

1100IMIN 



Operand Address 



-Specific testing condition 

0=5445 Model 1 
1 -5445 Model 2 



Operation: This instruction tests for the conditions speci- 
fied in the Q byte. If the condition tested for is present, 
the next instruction is taicen from the storage address speci- 
fied by the operand address; and the address of the next 
sequential instruction is placed in the address recall register. 
If the condition is not present, the next sequential instruc- 
tion is executed; and the address contained in the operand 
address is stored in the address recaJ! register. The informa- 
tion stored in the address recall register reniains there until 
the next decimal, insert-and-test-characters, branch or test 
1/0 instruction is executed. 

The Q byte specifies the drive to be tested and the condition 
to be tested. The device address (DA) and the M bit portion 
of the Q byte specify the disk drive. 



The N code of the Q byte can specify testing for any of 
these conditions. 

A^ Code Condition 

000 Not ready/unit check. Not ready state indicates 
that the addressed disk drive is either: 

• Power down. 

• In a disk start-up transition. 

• Under remote off-line control. 

Unit check state indicates that the addressed disk 
drive has either a disk drive check status outstanding 
or a common check status. A common check relates 
to those sections of the attachment that are shared 
by both disk drives. The common checks are: 

• Format error. 

• Intervention required 

• Missing address mark 

• Equipment check 

• Data check 

• No record found 

• No-op 

• Data overrun 

• Disk drive (file) error 

• Unsafe 

• End of cylinder 

• Scan equal condition. 

• Disk drive identification. 



B 



001 



010 



A disk drive error (unsafe) or seek incomplete check 
condition is also indicated if a seek check or unsafe 
exists for the addressed drive. A seek check or 
unsafe for the drive not addressed is not indicated. 
The drive that has the check condition can be 
determined from the status byte. 

Seek busy. Indicates that the addressed disk drive 
is performing a seek or recalibrate operation. 

Attachment busy. Indicates that the addressed disk 
drive/attachment is either: 



Oil 



• Executing a read, write, or scan command. 

• Has provisionally accepted a read, write or scan 
command for subsequent execution. 

• Is in the starting phase of the seek operation that 
requires additional CPU cycle steal requests. 

Scan hit. Indicates that a previously issued scan 
command was successful. Scan hit is reset al the 
beginning of the next SIO instruction. 
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Programming Note: Scan hit is a common state in 
that an address to any disk drive will give positive 
indication if either drive has a scan hit. Tlie correct 
disk drive address can be verified by issuing an SNS 
instruction and checking status. 

Any N code not listed causes a processor stop with an 
invalid Q byte indicated. 



Example: 



Advanca Program Level 
Mnemonic: APL 

Op Code Q Byte 



Fl 



110QIM1N Not Used 



-Specifies testing condition 

J - 5445 ftted^l 1 
) 1 = 5445 Modd 2 



Instruction 



CI 



5445 

Drive 2 Not Rwdy Or Unit Check 



C8 



02 



00 



0100 0101 
I— Test I/O 

StACus Byte 1 



0102 



0103 

) 



Branch to Address 



100O0O00 



Bit being on indicates 
a scan equal condition. 



Instruction Address Register Before Operation 

Ne)<t Sequential instruction 



01 



04 



Operation: This instruction tests for the conditions speci- 
fied in the Q byte. If the condition tested for i& present, a 
system with dual programming feature installed activates 
the inactive program level; a system without the dual pro- 
gramming feature installed loops on the advance program 
level instruction until the condition no longer exists. If the 
condition is not present, systems with and without the dual 
programming feature take the next sequential instruction in 
the active program level. 

The Q byte specifies the drive to be tested and the condition 
to be tested. The device address (DA) and the M bit portion 
of the Q byte specify the disk drive. 



Address Recall Register Before Operation 



02 


DO 



Branch to Address— Loaded when 
instruction is taken from core 



Instruction Address Register After Operation 



02 


00 


Branch to J 
Address / 


Contents of 


Address Recall Rfl£ 


lister After Operation \ 
Address of 
return point 
in main pwogram i 


Registers were 
Strapped because 
Branch Occurred 


01 


04 
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The N code of the Q byte can specify testing for any of 
these conditions. 

N Code Condition 

000 Not ready/unit check. Not ready state indicates that 
the addressed disk drive is either: 

• Power down 

• In a disk start-up transition 

• Under remote offline control 

Unit check state indicates that the addressed disk 
drive has either a disk drive check status outstanding 
or a common check status. A common check 
status relates to those sections of the attachment 
that are shared by both disk drives. The common 
checks are: 

• Format error 

• Intervention required 

• Missing address mark 

• Equipment check 

• Data check 

• No record found 

• No-Op 

• Data overrun 

• Disk drive (file) error 

• Unsafe 

• End of cyhnder 

• Scan equal condition 

• Disk drive identification. 

A disk drive error (unsafe) or a seek incomplete 
check condition Is also indicated if a seek check or 
unsafe exists for the addressed drive. A seek check 
or unsafe for the drive not addressed will not be 
indicated. The drive that has the check condition 
can be determined from the status byte. 



Programming Note: Scan hit is a common state 
in that an address to any disk drive will give 
positive indication. The correct disk drive address 
can be verified by issuing an SNS instruction and 
checking status. 

Any N code other than those listed causes a processor 
check stop with an invalid Q byte indication. 



Example: 



Instruction 



F1 



C8 



Not Used 



Drive 2 Not Ready or Unit Check 

5445 
APL 



The next instruction address is taken fronn the instruction address 
register of the program level that did not execute this instruction. 



Sense I/O 

Mnemonic: SNS 




Op Code 



YO 



QByte 
1 — I — 

iioo|m{ n 



operand Address 



' Specifies data to be translerred 
to storage 

i - 5445 Model 7 
/ 1 = 5445 Model 2 



001 Seek busy. Indicates that the addressed disk drive 
is performing a seek or a recalibrate operation. 

010 Attachment busy. Indicates that the addressed 
disk drive/attachment is either: 

• Executing a read, write, or scan command - 

• Has provisionally accepted a read, write or 
scan command for subsequent execution. 

• Is in the starting phase of the seek operation 
that requires additional CPU cycle steal requests. 

Oil Scan hit. Indicates that a previously issued scan 
command was successful. Scan hit is reset at the 
beginning of the next SIO instruction. 



Operation: This instruction causes the two bytes contained 
in the specified local storage register or the specified two 
bytes of status information to be transferred to the two- 
byte field in storage addressed by the operand address. The 
operand is addressed by the low-order byte. 

The Q byte specifies the drive to be sensed and the 
register or status bytes to be transferred. The device 
address (DA) and the M bit portion of the Q byte 
specifies the disk drive. 



The N code specifies a certain status byte, the DDDR or the 
DDCF is to be transferred to storage as follows: 
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N Code Transferred to Storage 



Example: 



000 Status bytes and ] . 

001 Status bytes 2 and 3. 
010 Status bytes 4 and 5. 
Oil Status bytes 6 and 7. 

100 DDDR Local Storage Register. 

101 Status bytes 8 and 9. 

1 10 DDCR Local Storage Register. 

1 1 1 Invalid (causes processor check). 

The status bytes are bit significant as illustrated in Figure 
6-20. The higher numbered status byte is stored in the 
low-order position of the field. An explanation of each 
status bit is provided in Check Conditions and Status. 



Bit 


ByteO 


Byte 1 





Format Error 


Disk Drive (File) Error 


1 


Intervention Required 


Unsafe 


2 


Mi&sino Addre&s Mark 


Spare (Not Used) 


3 


equipmer\t Check 


Spare (Not Used) 


4 


Data Check 


Spare (Not Used) 


5 


No Record Found 


End of Cylinder 


6 


No-Op 


Scan Equal Condition 


7 


Data Overrun 


o's^o.^^or,^zi 



Figure 6-20. IBM 5445 Status Byte Information 



Instruction 



30 



CO 



06 

— T 



FF 

ZT" 



Core Address 

Drive 1 , Bytes and l 

5445 

Seme Command 



Status Bytes at Disk Before Operation 



81 



00 



No-Op an<l Seek Check 



Operand Before Operation 



00 


AB 



D5FE 05FF 

I . I 



No Meaning 



Operand After Operation 



81 


00 



05FE 05FF 
Status Byt&s at Disk After Operation 



01 



00 



Seek Check 



The sense 1/0 instruction is accepted by the 5445 no 
matter what other operation is in progress at the time. 

Some bits of the status bytes are drive sensitive to the 
sense I/O instruction. Equipment check caused by unsafe, 
cylinder zero, seek check, seek busy, intervention required, 
unsafe, head settling, and index are sent with the status 
bytes only when they apply to the drive addressed by the 
sense I/O instruction. These bits, if they can be reset by 
sense I/O, are reset by the same sense 1/0 instruction that 
transfers them to storage. 

All the status bits not discussed in the precedling paragraph 
are presented with the status bytes to a sense I/O for either 
drive. All except noop are reset by the next start I/O in- 
struction issued to either drive. No-op Is reset by the sense 
(/O instruction to either drive that transfers it to storage. 



Lo^ I/O 
Mnemonic: UO 

Op Code Q Byte 



Y1 



1—1— 

llOOtMl N 



Operand Address 



pj 



t Specifies the ODOR or DDCR. or 
/ or is u&dd for C€ d'lA^pKmicj 



-Not used 
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Operation: This instruction loads the two bytes of data 
contained in the operand addressed by the operand address 
into a loca] storage register specified by the Q byte. The 
operand is addressed by its low-order byte. 

The N code can specify only four values, as follows: 

N Code Meaning 

100 Specifies the 5445 data address register. 

1 10 Specifies the 5445 disk drive control (address 

register. 
101 Used for CE diagnostics. 

1 1 1 Used for CE diagnostics. 

Any N code other than the ones specified causes the proc- 
essing unit to stop with a processor check and an invalid Q 
byte indication. 

A load I/O instruction issued to a busy control unit causes 
an automatic program level advance if the system has dual 
programming feature installed. If the feature is not in- 
stalled, the program loops on the load I/O instruction until 
the control unit is no longer busy. 

Load I/O does not set any disk status conditions. 

The load I/O instruction is executed if the addressed drive 
is executing a seek or recalibrate operation and a read, write 
or scan has not been accepted or provisionally accepted. 

Tlie load I/O instruction is executed if the addressed drive 
is not ready, but is rejected if the no-op bit is on. 



Example: 



Instruction 



31 



CC 



2F 



81 



r 



L_ 



Operand 



OF 


00 



Location of Data Address 
-Disk Drive 2 DDAR 
-5445 

■ Load I/O 

■ Data Addrew 



2FB0 2FB1 

Disk Data Address Register Before Operation 
No Meaning 



OB 



20 



Disk Data Address Register After Operation 

Address of Data Field 



B 



OF 



00 
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The IBM 5475 Data Entry Keyboard (Figure 7-1) comprises 
a keyboard, control panel, covers, cables, and a set of attach' 
ment circuitry. The keyboard is designed to look and 
operate as much as possible like the keyboard for the IBM 
5496 Data Recorder. Data recording and data verifying can 
be performed by using the data entry keyboard in conjuno 
tion with the card handling capabilities of the MFCU, The 
functions of data recording and verifying are available when 
the keyboard and system are used together under control of 
the data recording and data verifying programs that are 
available from IBM. The data recording and data verifying 
functions can be performed when the system is not 
needed for data processing programs. With the dual program 
feature installed, data recording and data verifying 
functions also can be performed while the system is being 
used for data processing programs. 



IBM 5475 Data Entry Keyboard 
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PRINCIPLES OF OPERATION 



v^' I 



i^^^ 'M ' -: 






Communication between the processing unit and the key- 
board is on an interrupt basis. Each time the keyboard ' 
needs the processing unit in order to perform its function, 
it must signal with interrupt. The keyboard is assigned 
interrupt level 1, which is next to last in interrupt priority. , 



\ 



_.J L 



Pressing the keys on the keyboard (see Figure 7-2 for the 
keyboard configuration) causes interrupts to occur> Certain 
switches on the control panel also cause interrupts to occur. 
Each key or switch also causes some status condition or data 
byte to appear in status bytes in the attachment. These 
status conditions and data bytes can be sampled by the * ^CS4 
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Figure 7-1. :BM 5475 Data Entiy Keyboard 
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Figure 7-2. Data Entry Keyboard Configuration 



processing unit to determine what procedure is to be 
followed for each key depression. 



Keys and Switches 

The keys shown on the keyboard in Figure 7-2 are of two 
types as are the switches shown on the control panel. Keys 
can be either latched keys (which require specific action 
to restore them from their operated position) or momentary 
contact keys (which return to the non-operated position as 
soon as pressure is released). Switches are either two-position 
toggle switches that retain the position to which they are 
moved or momentary-contact toggle switches that return to 
the non-operated position as soon as they are released. 



Program Load Switch is used to indicate that a program 
card for the data recording or data verifying program is to 
be loaded from the MFCU. It is a momentary-contact 
toggle switch that causes an interrupt request only when 
the program switch is on. The status bit set by this switch 
is set only as long as the switch is held transferred. The 
sense I/O instruction must be executed before the operator 
releases the switch in order for this bit to be sensed. 



Record Erase Switch is used by the data recording and 
data verifying programs to erase the data in the record that 
is cunently being entered into storage. This momentary- 
contact toggle switch causes an interrupt request each time 
it is operated and maintains the status bit only so long as 
the switch is operated. 



Program Switch is used by the data recording and data 
verifying programs to designate that data recording or data 
verifying is to be done under program control. This is a 
two-position toggle switch that causes an interrupt request 
and sets a status bit each time it is transferred from one 
position to the other. 



Auto Record Release Switch is used by the data recording 
and data verifying programs to determine if the card is to 
be processed as soon as the manual entries are completed. 
This two-position toggle switch causes an interrupt request 
each time it is moved from one position to the other and 
its state is available as a status bit. 
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Auto Skip/Dup Switch is used by the data recording and 
data verifying programs to determine if fields coded as 
automatic operation fields in the program card are to be 
treated as automatic fields. This two-position toggle switch 
causes an interrupt request and changes a status bit each 
time the switch is transferred. 



Print Switch determines whether the data being keyed is 
to be printed on the card after being punched. This two- 
position toggle switch does not cause an interrupt request 
but does control a status bit. 



Program 2 Key is used to select the program 1 area as the 
location of the program control card. This key generates 
an interrupt request only if the program switch is on. If the 
key is held down during a sense I/O operation, a sense bit 
is set. 

Program 2 Key is used to select the program 2 control card 
area. It operates in the same way as the program 1 key. 



Release Key signals the end of manual entries on the card. 
This key generates an interrupt request and sets a status bit 
when a sense I/O operation is performed while it is pressed. 



Function Keys 

The twelve shaded keys in Figure 7-2 are designated as 
function keys. (The three blank keys do not operate.) 
Function keys are momentary-contact type and are not inter- 
locked from each other or from the rest of the keys. When 
an interrupting function key is pressed, the data keys are 
mechanically locked out and no other function key can 
generate an interrupt until the first key has been released. 
If multiple function keys aie held down when a sense I/O 
operation occurs, all the bits will be recorded in the sense 
byte. If the sense I/O operation is not performed before 
the function key is released, the function key bit is not 
recorded in the sense byte. The attachment treats the 
momentary-contact toggle switches (program load switch 
and record erase switch) as interrupting function keys and 
these two rules also apply. 



Field Erase Key is used by the data recording and data 
verifying programs to signal that the last manually entered 
field is to be erased. The key causes an interrupt request 
and sets a status bit if the key is held down until a sense 
I/O operation is performed to detect it. 



Error Reset Key is used to reset program-detected errors. 
It results in an interrupt request and conditions a status bit 
if the sense I/O operation is performed while the key is 
down. 



Read Key is used by the data recording and data verifying 
programs to cause a card to be read into a data area of 
storage. This key causes an interrupt request and must be 
held down until the sense I/O operation occurs in order to 
record the status bit, 




Upper Shift Key conditions the attachment logic to encode 
upper shift characters. This key does not generate interrupt 
requests and does not set a status bit. 



Lower Shift Key conditions the attachment logic to encode 
lower shift characters. This key does not generate interrupt 
requests but sets a status bit if it is held down during a 
sense I/O operation. 



Skip Key is used by the data recording and data verifying 
programs to indicate that the remainder of the field is to be 
skipped. If the program switch is on, this key generates a 
single interrupt request each time it is pressed. If the pro- 
gram switch is off, interrupt requests are generated each 
1/10 second as long as the key is held down. The down 
position on the key is recorded in the sense byte if the key 
is held depressed when the sense 1/0 operation is performed. 



Multi-Punch Key is pressed to place the keyboard in upper 
shift and, if the processing unit has unlocked the keyboard, 
causes each data key that is pressed to be restored. The 
encoded characters associated with the data keys that are 
pressed are logically ORed in the attachment. When the 
multi-punch key is released, an interrupt request is generated. 
If no data key is pressed while the multi-punch key is 
pressed, no interrupt request is generated by releasing the 
nmlti-punch key. 



Dup Key is used by the data recording program and the 
data verifying program to signal that the remainder of the 
field is to be duplicated from the preceding card. If the 
program switch is on, this key generates a single interrupt 
request each time it is pressed. If the program switch is off, 
interrupt requests are generated each 1/10 second as long 
as the key is held down. The down position of the key is 
recorded in the sense byte if the key is held pressed when 
the sense I/O operation is performed. 
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Right Adjust Key is used by the data recording and data 
verifying programs to signal that the data in the field is to 
be moved to the right end of the field and the remaining 
left end field positions filled with blanks. Pressing this key 
generates an interrupt request only if the program switch 
is on. The right adjust key causes a sense bit if the sense 
I/O operation is performed while the key is pressed. 



Data Keys 

The 34 unshaded keys in Figure 7-2 are dual shift keys. 
These, plus the space bar, are designated as data keys. 
These keys generate the 63 characters shown on the key- 
board plus the code for blank. The data keys are latched 
type keys and are mechanically interlocked to prevent de- 
pressing of more than one key at a time, but a second key 
can be pressed while the first key is held down if a key- 
board restore cycle occurs after the first key is pressed. 
The attachment generates an interrupt request each time 
a data key is pressed and the character generated by that 
key is presented as a sense byte. The data keys must be 
restored by the processing unit, and a second key cannot 
be pressed until the processing unit restores the first. 

The character generated by pressing a data key depends on 
the shift of the keyboard. The shift is determined in the 
foQowing manner: 

1. If the program switch is off, the keyboard is in lower 
shift. 

2. If the program switch is on, the keyboard is in upper 
shift unless the program control card specifies other- 
wise or the lower-shift key is pressed. 

3. With the program switch on, the program control 
card can specify numeric mode (through a start 1/0 
instruction to the keyboard) for the next entry. In 
numeric mode, pressing any key other than through 
9 or the space bar causes the attachment to turn on 
the invalid character bit in the sense byte. For the 
through 9 keys, the attachment operates in upper 
shift. 

4. Any of the preceding shift conditions can be manually 
ovenidden by pressing the shift keys or the multi- 
punch key. Manually determined shift states are 
effective only for as long as the determining key is 
held down. 

Once a data key is pressed, all other data keys are mechaiiic- 
aliy locked out. The restoring of the data keys is controlled 
by the program through the use of the start [/O instruction. 
One bit in the start I/O instruction control code causes the 
key which has been pressed to be restored, but leaves the 
keyboard in such a state that all the data keys axe locked 



out. Another control code bit causes the keyboard to be 
unlocked so that data keys can operate. If the control 
code contains both bits, a complete restore cycle occurs. 
However, the following caution should be noted: 

Caution 

If a start I/O initiates a complete restore cycle and 
another start I/O that does not have the unlock-keys 
control code bit on is issued before the key that was 
depressed has been restored (about 15 to 20 milli- 
seconds), the data keys will all be locked out. 



Indicators 

Indicators are provided on the control panel section of the 
keyboard to indicate the next column in which data will be 
entered, an error condition has occurred, and the program 
level control card that is in effect at the moment. 



Column Indicators are controlled by the program. The 
indicators are made up of segments that can be lighted in 
various combinations to produce the arable numeral char- 
acters. Other characters can be produced, but are not 
likely to be used for column indication. 



Error Indicator is lighted under program control. It is 
controlled by a bit in the start I/O control code. 



Program I and Program 2 Indicators are lighted under 
program control to indicate the program control card level 
that is in use. 



PROGRAMMING CONSIDERATIONS 

The following rules must be observed in programming for 
the data entry keyboard: 

1. A start 1/0 instruction to enable interrupt level 1 must 
be issued before the keyboard can be used. 

2. A start I/O instruction must be issued to unlock the 
keyboard before the data keys are operable. 

3. A sense I/O operation is necessary to obtain data 
from the keyboard. 

4. The processing unit must issue an instruction to 
restore the data keys, 

5. The last instruction in the interrupt routine must be 
a start I/O instruction to reset the interrupt, 
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IWSTRUCTIONS 
Start I/O 
Mnemonic: SIO 

Op Code Q Byte Control Code 



F3 


1 1 

OOOl^O'OOO 





operation: This instruction sets the conditions specified 
in the control code into the attachment. 

The Q byte contains only the device address 0001 in the 
high-order four bits. AH other bits of the Q byte are 0. 

The control code is bit significant and controls the 
following con.ditions: 

Bit Condition 

Programmed Numeric Mode. When tJiis bit is on, 
the attachment is placed in numeric shift. When 
this bit is off and the program switch is on, the 
attachment is placed in upper shift unless the lower 
shift bit is on. If both the lower shift bit and this 
bit axe on, the attachment is placed in numeric 
shift. If a data key causes an interrupt, this bit 
must not be changed before the data is sensed. 

1 Programmed Lower Shift, When this bit is on, the 
attachment is placed in lower shift. When this bit 
is off and the program switch is on, the attachment 
is placed in upper shift unless the numeric shift bit 
is on. If both the numeric shifl bit and this bit are 
on, the attachment is placed in numeric shift. If 

a data key causes an interrupt, this bit must not 
be changed before the data is sensed. 

2 Error Indicator. When this bit is on, the error 
indicator is lighted. When tliis bit is off, the error 
indicator is turned off, 

3 Spare, 

4 Restore Data Key. This bit causes the mechanism 
that restores and locks the data keys to operate. 
It leaves the keyboard in such condition that all 
the data keys are prevented from operating. 



Bit Condition 

5 Unlock Data Key, This bit releases the restore and 
lock mechanism for the data keys. If both the 
restore and unlock bits are used in the same instruc- 
tion, the attachment first restores the data keys 
then unlocks them. 

6 Enable/Disable Interrupt, When this bit is on, the 
attachment is allowed to interrupt the program 
in progress in the processing uiiit. When this bit 

is off, the attachment is blocked from interrupting 
the processing unit, 

7 Reset Interrupt. When this bit is on, it resets the 
interrupt condition in the attachment and allows 
the processing unit to return to the program it 
was processing when the interrupt occurred. 



Test I/O and Branch 

This instruction is not used with the data entry keyboard. 
An attempt to execute a test 1/0 and branch instruction 
with the data entry keyboard device address (0001) results 
in a processor check stop with an invalid Q byte indication. 




Advance Program Level 

This instruction is not used with the data entry keyboard. 
An attempt to execute an advance program level instruction 
with the data entry keyboard device address (0001) results 
in a processor check stop with an invalid Q byte indication. 



Load I/O 
Mnemonic: LIO 



Op Code 



Q Byte Control Code 



Yl 



n 

ooovo^ooo 

LJ 
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Operation.' The two-byte field located at the operand 
address is used to control the segments of the column 
indicator and to turn on or off the program 1 and program 
2 indicators- The operand is addressed by its rightmost 
byte. The rightmost byte controls the segments of the units 
position of the column indicator and the program 2 indicator. 
The high-order byte controls the tens position of the coh^mn 
indicator and the program 1 indicator. The segments of the 
column indicator are designated by letters as shown in 
Figure 7-3. Each bit in the bytes controls one segment or a 
program indicator. When a bit is on, the indicator or seg- 
ment turns on. When a bit is off, the indicator or segment 
turns off. The bit assignments for the segments and indica- 
tors are: 




Tens 



Figure 7-3. Column Indicator Arrangement 



Units 



Bit 


Lights 





Segment E. 


1 


Segment D. 


2 


Segment F. 


3 


Segment C. 


4 


Segment B. 


5 


Segment G. 


6 


Segment A. 


7 


Program Indicator 



The hexadecimal digits to be placed in each byte to obtain 
the decimal digits are: 



If a program indicator is to be controlled, 1 must be added 
to the low-order hexadecimal digit for the appropriate byte. 

The Q byte in this instruction contains the data entry key- 
board device address (0001) in the high^rder four bits and 
zeros in the rest of the bits. 



cimal 


Hexadecimal 





EE 


1 


24 


2 


BA 


3 


B6 


4 


74 


5 


D6 


6 


DE 


7 


A4 


8 


FE 


9 


F6 



Sense I/O 

Mnemonic: SNS 



Op Code 



QByte 



Operand Address 



YD 



1 — I — 

oooi:m;n 
I I 
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Operation: The two sense bytes spedfied by the Q byte are 
moved into the two-byte field specified by the operand 
address. The operand is addressed by its low-order byte, 

The Q byte contains the device address (always 0001 for 
the data entry keyboard), an M bit (always 0), and ah N 
code. The meaning of the sense bytes that are transfcned 
depends upon the value of the N code. 

For N code = 010; 



Bit Meaning 

Keyboard interrupts enabled. 

1 Any function key pressed, 

2 Bail forward contacts. 

3 Unlock keyboard signal 

4 Bail forward trigger. 

5 Toggle switch latch. 

6 Any data key. 

7 CE sense bit. 



Bit Higfi-Order Byte 

Program 1 key pressed 

1 Program 2 key pressed 

2 Program load switch 
operated 

3 Release key pressed 

4 Field erase key pressed. 

5 Error reset key pressed. 

6 Read key pressed 



Low-Order Byte 

Auto skip/dup switch on. 
Record erase switch 
operated 
Reserved 

Program switch on. 

Skip key pressed 

Dup key pressed. 

Auto record release switch 

on. 



7 Right adjust key pressed. Function key interrupt. 

For N code = 001 the hi^-order byte is a data character 
and the low-order byte is bit significant as follows: 



nt 


Meaning 





Flint switch on. 


1 


Reserved. 


2 


Lower shift key pressed. 


3 


Invalid character detected. 


4 


Reserved. 


5 


Multi-punch interrupt. 


6 


Reserved. 


7 


Data key interrupt. 



A third pair of sense bytes is provided for use by the CE for 
diagnosis. The highorder byte of this pair is always all 
zeros. The pair is obtained by using an N code of Oil. The 
bits in the low-order byte mean: 



The reserved bits are always on (1), The function key 
interrupt, multi-punch interrupt, and data key interrupt 
bits indicate the cause of any program interrupt generated 
by the keyboard attachment. (Function key interrupt is 
turned on by the interrupting toggle switches as well as by 
the interrupting function keys.) The following program- 
ming requirements exist with regard to these three interrupt 
bits; 

1. One and only one of the three bits should be on any 
time the keyboard attachment generates a program 
interrupt request. If none or more than one of these 
bits is on, a malfunction has occurred In this case, 
the keyboard should be locked and the operator 
forced to try again. This can occur if a data key is 
pressed and, in servicing the interrupt, the program 
locks the keyboard by failing to restore that key. If 
a function key interrupt is generated after this opera- 
tion, both the function key interrupt (correct) and 
the data key interrupt (from the unrestored data 
key) will be on. 

2. If an interrupt is generated by changing the state of 
the program switch, the auto skip/dup switch, or the 
auto record release switch^ the function key interrupt 
bit is automatically reset 3.3 milliseconds after the 
interrupt is generated 

3. If the interrupt request is a function key interrupt, 
the data character should be ignored- 
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The IBM 5471 Printer-Keyboard (Figure 8-1) comprises a ,. 
printer-keyboard and a set of attachment circuitry. The 
printer-keyboard is mounted on the system table top with 
a forms stand located on the floor behind it. The keyboard 
and the printer are not physically linked in that key depres- 
sions do not automatically cause a character to be printed 
on the printer. The printer and keyboard are housed 
together and the printer motor is used to restore the key- 
board. 
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PRINTER CHARACTERISTICS 
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The printer prints ten characters per inch on a 12.5 inch 
writing line. The entire 64-character system character set 
can be printed except for minus zero. The printer signals 
the attachment when it begins an operation and when it 
ends the operation. Printing or spacing requires about 64.5 
milliseconds per character. Carrier return operates at about 
1 5 inches per second. 
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Figure &-L IBM 5471 Printer-Keyboard 
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KEYBOARD CHARACTERISTICS 

The keyboard (Figure 8-2) is capable of generating the 
system chaiacter set except for minus zero. The keys are 
interlocked to prevent pressing two keys simultaneously. 
In addition to the system graphics set, special codes are 
generated for siiift key depression, shift key release, and 
return key. Automatic restoration of the keyboard after 
operation of a graphic, shift, or return key requires about 
64.5 milliseconds, 



ATTACHMENT CHARACTERISTICS 

Keyboard Attachment 

Before an operation can be performed on the printer-key- 
board, interrupts must be enabled by the processing unit- 
Three different interrupt conditions can be enabled or dis- 
abled, 

1. Interrupts caused by pressing the request key. 

2. Interrupts caused by pressing any key other than the 
request key. 

3. Interrupts caused by the completion of a printer 
operation. 

All of these interrupts are independent of each other and 
any combination can be enabled at any one time. If more 
than one is enabled, the stored program must test the inter- 
rupt pending sense bits to determine the cause of the inter- 
rupt. If the keyboard and printer interrupt simuUaneously, 
the keyboard should be serviced first. 



When the printer-keyboard requires service, the attachment 
generates an interrupt pending conditiorL If that interrupt 
has been enabled by the processing unit, a program interrupt 
request is generated on interrupt level 1. 

Pressing the request key causes the request key interrupt 
pending. This status remains on until the processing unit 
issues a reset keyboard interrupt command. If the request 
key interrupt is enabled or becomes enabled before the 
interrupt pending is reset, a program interrupt request is 
generated. If the interrupt pending status h generated while 
interrupts are disabled or if the enable interrupt and reset 
iateirupt commands are issued simuhaneously on the same 
start I/O instruction, the interrupt is lost. 

The end key and the cancel key are treated exactly like the 
request key with the following exceptions: 



1 , An end-key-or-cancel-key-interrupt-pending status bit 
is generated, 

2. The interrupts from keys other than the request key 
must be enabled to allow the generation of the program 
interrupt request. 

In the case of the graphic keys and the return key a graphic- 
key-or-retum-key-interrupt-pending sense bit is generated. 
Intenupts from keys other than the request key must be 
enabled to allow the graphic keys or the return key to cause 
a program interrupt request. Note that when interrupts from 
keys other than the request key are enabled, the end-key-or- 
cancel-key-internipt-pending and the graphic-key-orH:eturn- 
key-interrupt-pending sense bits must be tested to determine 
the cause of an interrupt request. 
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Figure 8-2. Keyboard Format 
8-2 



Graphic characters are handled in the following manner: 

1, The graphic keys are encoded to a keyboard code 
character with parity. 

2, The attachment translates the keyboard code charac- 
ter into the appropriate card code character. 

3, The card code character is translated to EBCDIC by 
the translator circuits in the I/O channel when the 
character is sent to storage. 

If a parity error occurs in either the input or the output of 
the keyboard to card code translator, a corresponding sense 
bit is also stored. 



Printer Attachment 



not busy. The transition from busy to not busy generates 
a printer interrupt pending status. If printer interrupts are 
enabled, or if they become enabled before a reset printer 
interrupt corrmiand is given, a program interrupt request is 
generated 

The printer mechanism is checked against the nominal time 
required for each operation. If the timing is wrong, a printer 
malfunction sense bit is generated, and a bit specifying the 
conditions that caused the printer malfunction bit (feedback 
too late, extra cycle, or cycle too long) is generated. These 
bits are turned off by a sense I/O instruction that detects 
them. 

The printer contains contacts that detect the approach of 
the carrier to the end of the print line within 4 to 6 charac- 
ter spaces and the end of the form within 4 to 6 lines. These 
contacts set sense bits in the attachment. 



In order to print a character, the character must be loaded 
into a print character buffer in the attachment by a load 
I/O instruction. During loading, the I/O channel translates 
the character from EBCDIC to card code and the attachment 
then translates the character from card code to a tilt-rotate 
code used to position the print element. The print mechan- 
ism is checked for correct shift at this time. The card code 
to tilt-rotate translator includes a check bit, and if incorrect 
parity is detected on the output of the translator, a trans- 
lator check sense bit is generated. If the character loaded 
into the print character buffer is outside the printable char- 
acter set, the tilt-rotate code for a space is established, and 
a non-printable character sense bit is generated. 

After the character has been loaded in the print character 
buffer, the stored program must issue a start print conunand 
through a start I/O instruction. If the print mechanism is in 
the correct shift, a print cycle starts. If the print mechan- 
ism is not in the correct shift, a shift cycle precedes the print 
cycle. 



To aid in servicing the printer-keyboard, the following 
signals are nnade available as sense bits: 

1. The states of the three enable interrupt latches. 

2. The input to the keyboard code to card code 
translator. 

3. The output from the card code to tilt-rotate 
translator and the printer upper case mode switch. 

4. The states and signals from the strobe and feedback 
contacts. 

These bits are provided for servicing and are of no interest 
to the problem programmer. 



INSTRUCTIONS 
Start I/O 

Mnemonic: SIO 




Carrier return is controlled by the stored program. The 
carrier is initiated by a start I/O instruction that designates 
carrier return. Carrier return moves the carrier to the left 
margin and advances the forms. A carrier return issued 
when the carrier is at the left margin only advances the 
forms. 

Start print and start carrier return commands cause the 
printer to become busy. Start I/O and load I/O instructions 
to the printer will not be accepted while the device is busy. 
If a start print or start carrier return command is issued 
while the printer is interrupting without a simultaneous reset 
interrupt command, it will not be possible to reset the 
printer interrupt request until after the device becomes not 
busy. Once the operation is complete, the printer becomes 



Opcode 



Q Byte Control Code 



F3 


0001 MiOOO 





Operation: The printer or the keyboard as specified by the 
Q byte performs the operation specified by the control code. 
Spare control code bits should be set to zero. 

The Q byte contains the device address (always 0001 for 
the printer-keyboard) in the fust four bits, an M bit that 
designates either the printer or the keyboard, and an N code 
of 000. An M bit of specifies that the control code applies 
to the keyboard. An M bit of I specifies that the control 
code applies to the printer- 
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The control code specifies the action to be taken. For an 
M bit of the control code bits cause the following actions: 

Bit Action 

Spare. 

1 Spare. 

2 Request pending indicator; 1 = on, = off. 

3 Proceed indicator; I = on, = off. 

4 Spare. 

5 Request key interrupts; 1 = enable, = disable, 

6 Other key interrupts; 1 = enable, = disable. 

7 Reset request key or other key interrupts. 

For an M bit of 1 the control code bits cause the following 
actions; 



This instruction must be used to place the character to be 
printed in the print character buffer before issuing the 
start print command. However, if the same character is to 
be printed several times in succession, it need be loaded only 
once. 



Bit 



Action 



Sense I/O 








Mnemonic: 


SNS 




Op Code 


QByte 


Operand Address 


YO 


1 1 

OOOIiMiN 
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1 
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Start print. 


1 


Start carrier return. 


2 


Spare. 


3 


Spare. 


4 


Spare. 


5 


Printer interrupt; 1 = enable, = disable 


6 


Spare; 


7 


Reset printer interrupt. 



Load I/O 








Mnemonic- 


LIO 




Opcode 


QByte 


Operand Address 


Y1 


1 1 

oooiiuooo 
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Operation: Two bytes of sense data selected by the Q byte 
are transfened from the attachment to the two-byte field 
addressed by the operand address. The operand is addressed 
by its low-order byte. 

The Q byte comprises the device address (always 0001 for 
the printer-keyboard), an M bit that determines whether 
the keyboard or printer sense bytes are to be stored, and an 
N code that determines which of two pairs of sense bytes 
for each unit is to be stored. Figure 8-3 shows the M bits 
and N codes and the bit significance of the sense bytes. 
Byte or 2 is stored in the high-order byte; byte I or 3 is 
stored in the low-order byte. 

The sense bytes (bytes 2 and 3) stored when the N code is 
01 1 are diagnostic bytes and are of little or no interest to 
the problem programmer. 



Operation: This operation Uansfers the high-order byte of 
the two byte field located at the operand address in storage 
into the print character buffer in the printer-keyboard attach- 
ment. The operand is addressed by its rightmost byte. 

The Q byte is fixed with a device address of 000 1 in the 
high-order four bits, an M bit of 1 to designate the printer, 
and an N code of 000. 



Test I/O and Branch and Advance Program Level 

These instructions are not used by the printer-keyboard. 
An attempt to use either of these instructions with the 
printer-keyboard device address results in a processor check 
stop with an invalid Q byte indication. 



8-4 



M Bit = {Keyboerd Sense Bytesl 


N Code - 001 


N Code = 011 


Bit 


ByteO 


Byte1 


Byte 2 


Byte 3 



1 
2 
3 
4 

5 

6 

7 


Character Keyed 


Request Key Interrupt Pending 

End or Cancel Interrupt Pending 

Cancel Key 

End Key 

Return or Data Key Interrupt 
Pending 

Return Key 

Keyboard Translator Check 
Keyboard Check 


Keyboerd Upper Case Mode Switch 
Keyboard Data Reed Switch P 
Keyboard Data Reed Switch B 
Keyboard Data Reed Switch A 
Keyboard Data Reed Switch 8 

Keyboard Data Reed Switch 4 

Keyboard Data Reed Switch 2 
Keyboard Data Reed Switch 1 


Request Key Enabled 

Other Key Enabled 

Strobe Switch 

Strobe Switch Sampled 

Request or End or 
Cancel Key 

Request or End or 
Cancel Key Sampled 

Keyboard Shifting 

Reserved 



M Bit = 1 j Printer Sense Bytes) 


N Code - 001 


NCode = 011 


Bit 


ByteO 


Bytel 


Byte 2 


Byte 3 




1 
2 
3 
4 

5 
6 

7 


Printer Enable 
Reserved 
Reserved 
Reserved 
Reserved 

Feedback Too Late 
Extra Cycle 
Cycle Too Long 


Printer Interrupt Pending 

Reserved 

Non-Printable Character 

Printer Busy 

End of Line 

End of Form 

Printer Translator Check 

Printer Malfunction 


Printer Upper Case Mode Switch 
No Print 

Tilt-Rotate Code T2 
Tilt-RoteteCodeTl 
. Tilt-Rotate Code R5 
Tilt-Rotate Code R2A 
Tilt-Rotate Code R2 
Tilt-Rotate Code R1 


Lower Shift Required 
Upper Shift Required 
Reserved 
Feedback Switch 
Feedback Switch Sampled 
Long FN Switch 
Long FN Switch Sampled 
CE Sense Bit 



Figure 8-3. Printer-Keyboard Sense Bytes 
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Serial Input/Output Channel Adapter (SIOC) 



The System/3 Serial Input/Output Channel Adapter (SIOC) 
provides a means for attaching additional inpul/output 
devices for which attachment circuitry is not incorporated 
in the system. It also provides a means of attaching special 
units that may be requested by the customer. The control 
unit of any I/O unit that is to be attached to the SIOC must 
be designed to be compatible with the SIOC. Only one 
control unit can be physically attached to the SIOC at any 
one time, although more than one I/O device can be con- 
trolled by that control unit. If the control unit is con- 
trolling more than one device, only one device can operate 
at any time. The SIOC handles data in the form of an 
8-bit byte (plus parity). Data is transferred one byte at 
a time, parallel by bit. 

The SIOC provides an intermediate control unit between 
the system I/O channel and the device control unit. This 
intern:iediate control unit produces the necessary signals to 
control the device control unit from information furnished 
to the SIOC by instructions from the processing unit, con- 
trol bytes stored in registers in the SIOC by the processing 
unit, and information suppUed by the device control unit. 



S/OC Operationai Limitations 

Because of the cycle steal priority level and the high data 
transfer rate, the SIOC can cause overrun conditions to oc- 
cur when overlapped with other device operations. There- 
fore, the programmer should exercise caution when overlap- 
ping SIOC operations with other devices. Refer to Chapter 
2,"Chaimel Limitations" for allowable overlapped device 
configurations that will not cause overrun conditions in the 
system. 



SIOC REGISTERS 

Data Transfer Register 

A nine-bit data transfer register is provided in the SIOC to 
temporarily store one byte of data (eight bits plus parity) 
that is to be transferred between the I/O device and core 
storage. Data transfer is normally on a cycle steal basis, but 
the contents of this register can be moved between the 
register and storage with load I/O and sense I/O instructions 
when this is required by the characteristics of the I/O device 
involved or for diagnostic purposes. The register is tested 
for correct parity; a sense bit is set by incorrect parity. 



Length Count Register 

Because data transfer occurs on a cycle steal basis, the 
adapter must keep track of the number of bytes transferred. 
A length count register is provided to perform this function. 
This counter limits the number of bytes to be transferred to 
256 bytes per record. A load I/O instruction is used to 
place the number of bytes to be transferred in the length 
count register. The number that is placed in the lehgth 
count register is the binary representation of a number 
equal to 256 minus the number of bytes to be transferred. 
Normally, the I/O device signals when enough bytes have 
been transferred, but the length count register signals when 
the correct nimiber of bytes has been transferred, and 
prevents further data transfer. The contents of this register 
and the count-exceeded condition can be placed in storage 
with a sense I/O instruction. 



f/0 Sefect Register 

This register is used for issuing up to sixteen separate 1/0 
device control signals. It is loaded with a start I/O instruc- 
tion. The functions that these control signals perform in 
the 1/0 device are determined by that device and the data 
that must be placed in the register for differing conditions 
will be defined by the I/O device. In general, they will not 
all be used by any one device. 



//O Transfer Lines 

This is not a hardware register but a set of eleven signal 
lines from the device to the SIOC that can communicate 
information to the processing unit. These lines can be tested 
with the sense I/O instruction and used for program decis- 
ions based on information received from the I/O unit. The 
conditions that will be conveyed on these lines are defined 
by the I/O devices and will be specified in manuals or sections 
of this manual relating to the I/O device. 



Function Register 

This re^ster defines the mode of operation of the I/O 
device. It must be loaded before attempting to execute the 
program operating the device (it can be loaded by that 
program before any device operations are attempted). The 
specific bits that must be stored in this register by a load 
I/O instruction are defined by the 1/0 device. 
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SiOC Data Address Register 

This is one of the Jocal storage registers that is used to store 
the address of the data field that is to be used by the I/O 
device. The register is loaded by a load I/O instruction and 
can be sensed by a sense instruction. 



Test I/O and Branch 






Mnemonic: TIG 




Op Code Q Byte 


Branch- to- Address 


Z1 


OOIUO: N 




\ 

J 



SIOC OPERATION 



The operation of the SIOC requires that certain I/O instruc- 
tions be performed to prepare the program and adapter for 
operation. A means of identifying the individuaJ I/O devices 
that are attached to the SIOC has been provided. The 
identification is established at the time the I/O device is 
designed. These identification lines (four) are stored on a 
sense I/O operation that specifies the byte that contains 
their sense bits. The following procedures should be per- 
formed to operate the SIOC. 

1. Sense the I/O identification byte. 

2. Test that an I/O device is attached to the SIOC. 

3. Test which I/O device is attached to the SIOC. 

4. Load the function register with the appropriate bytes 
to control the particular I/O device. 

I/O operations require that certain instructions be performed 
before the instruction that transfers data is executed. Before 
each data transfer operation, the length count register must 
be loaded with a count equal to 256 minus the number of 
bytes to be transferred by that operation. The SIOC data 
address register must be loaded with the address of the first 
byte of the data field to be operated on. Then the start I/O 
instruction that actually transfers data can be issued. Testing 
and sensing operations should be included in the operating 
program but can be inserted at the discretion of the program- 
mer in accordance with good programming practice. 

The SIOC operates in interrupt mode on interrupt level 4, 
Each time the I/O device requires some special service from 
the processing unit, such as processing in time for stacker 
selection, it interrupts the processing unit. Interrupts must 
be enabled for the I/O device before the SIOC can interrupt 
the processing unit. 



Operation: This instruction tests for the conditions speci- 
fied in the Q byte. If the condition is present, the next 
instruction is taken from the address specified by the branch 
to address, and the address of the next sequential instruction 
is placed in the address recaU register. If the condition is 
not present, the next sequential instruction is executed and 
the address specified by the branch to address is placed in 
the address recall register. The address placed in the address 
recall register remains there until the next branch, insert- 
and-test-character, or decimal instruction. 

The Q byte contains the device address (always 001 1 for 
the SIOC), an M bit of 0, and an N code. The N code 
specifies the condition that is to be tested as follows: 

A^ Code Condition Tested 



000 


SIOC not ready/check 


001 


Invalid. 


010 


SIOC busy. 


oil 


Invalid. 


]00 


Invalid. 


101 


Invalid. 


no 


Invalid. 


111 


Invalid. 



The SIOC not-ready/check-TIOB condition indicates that 
one or more of these conditions exist: 

1 . No I/O device is attached to the SIOC. 

2. The data transfer register has incorrect parity. 

3. A read or write SIO instruction addressed to the 
SIOC was ignored (no-oped). 

4. An attention condition exists at the attached I/O 
device. 



INSTRUCTIONS 

The commands for all I/O devices attached to the SIOC are 
the same; the interpretation given to some of the commands 
by the I/O devices may be different. The interpretations 
are discussed in the I/O device sections. 



The SIOC busy TIOB condition indicates that the I/O 
device attached to the SIOC is performing an operation. 

Issuing a test I/O and branch instruction with any of the 
invalid N codes causes a processor check stop with an 
invalid Q byte indication. 
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Advance Program Level 

Mnemonic: APL 



The Q byte contains a device address (always 001 1 for the 
SIOC), an M bit of 0, and an N code. The N code specifies 
the register to be loaded as follows: 



Opcode 


QByte 




F1 


001l:0iN 


Not Used 



N Code Register 



Operation: This instruction tests for the condition specifled 
in the Q byte. In systems with the dual programming feature 
a change of program level occurs if the condition exists. In 
systems without the dual programming feature, the proces- 
sing unit loops on this instruction until the condition no 
longer exists. 

The Q byte contains the device address (always 001 1 for 
the SIOC), an M bit of 0, and an N code. The N code 
specifies the condition that is to be tested as follows: 



/Code 


CondiHon Tested 


000 


SIOC not ready/ clwck 


001 


Invalid. 


010 


SIOC busy. 


on 


Invalid. 


100 


Invalid. 


101 


Invalid. 


no 


Invalid, 


111 


Invalid. 



Yl 


ooii:o:n 


1 



Issuing an advance program level instruction with any of 
the invalid N codes causes a processor check stop with an 
invalid Q byte indication. 



Load I/O 
Mnemonic: LIO 

Op Code Q Byte Operand Address 

1 

I 

Operation: This instruction transfers the contents of the 
two -byte field addressed by the operand address to the 
register designated by the Q byte. The operand is addressed 
by the low -order byte. If the SIOC is busy when this 
instruction is issued, a system with dual programming feature 
performs an automatic program level advance; a system 
without dual programming featiu-e loops on the load I/O 
instruction until the SIOC becomes not busy. If the 
no-op status bit is on when the LIO instruction is issued, 
this instruction is ignored and the program advances to 
the next sequential instruction. 



000 


Invalid. 


001 


I/O function register. 


010 


SIOC length count register 


on 


Invalid. 


100 


SIOC data address register. 


101 


Data transfer register. 


no 


Invalid. 


111 


Invalid. 



The bytes loaded into the function register are bit signifi- 
cant as follows: 



High-Order Byte 


Bit 


Meaning 





Write mode set service response. 


1 


Reset service response after 6 microseconds. 


2 


Transfer line 2 EOT, 


3 


Transfer line 1 EOT. 


4 


Even parity. 


5 


Decrement DAR. 


6 


Latch 1/0 1 select. 


7 


Slave (transfer line 6 and 7 latch control). 


Low-Order Byte 


Bit 


Meaning 





Diagnostic mode (used only for CE diagnostic 




testing). 


1 


Spare, 


2 


Latch transfer line 4. 


3 


Latch transfer line 3. 


4 


Latch transfer line L 


5 


Transfer line 3 reset disconnect latch. 


6 


Reset disconnect latch after 6 microseconds. 


7 


Transfer line 5 reset disconnect latch. 



E 



The various bits in these two bytes that are set are deter- 
mined by the I/O device attached to the SIOC at any time, 
and will be specified by the instructions for programming 
that device. 

Specifying an invalid N code resuhs in a processor check 
stop with an invalid Q byte indication. 
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Seme I/O 

Mnemonic: SNS 

op Code Q Byte 



YO 


1 ' 





Operand Address 

I 



Operation: This instruction causes the two bytes of sense 
data specified by the Q byte to be transferred to the two- 
byte field specified by the operand address. The operand 
is aJways addressed by the low-order byte. This instruction 
is executed even though the SIOC is busy or has a not ready/ 
check condition. 

The Q byte contains a device address (always 001 1 for the 
SIOC), an M bit of 0, and an N code. The N code specifies 
the bytes to be sensed as follows; 

A^ Code Function 

000 Invalid. 

001 I/O function register. 

010 Length count register and status byte. 

Oil I/O transfer lines, 

100 Data address register. 

101 Data transfer register and diagnostic byte. 

110 Invalid. 

111 InvaLU 

Specification of an invalid N code causes a processor check 
stop with an invalid Q byte indication. 

The status byte and the diagnostic byte are the high-order 
bytes of their respective sense operations. They are bit 
significant as follows: 



Status Byte 




Bit 


Meaning 







Spare. 




1 


End request. 




2 


Interrupt pending. 




3 


I/O attention. 




4 


Data transfer register 


parity check 


5 


No-op. 




6 


Length count register 


overflow. 


7 


I/O ready. 





Diagnostic Byte 


Bit 


Meaning 





SIOC interrupt request latch 


1 


Service request. 


2 


Service response. 


3 


Interrupt enable. 


4 


I/O disconnect. 


5 


Write call 


6 


Read call. 


7 


I/O selected. 



The meaning of the I/O attention and I/O ready status bits 
for an I/O device is described in the chapter about that I/O 
device. 

Bits and 1 of the status byte and all of the bits of the 
diagnostic byte are for CE diagnostic use and have no mean- 
ing to the I/O control program. 

The transfer lines are bit significant as follows: 

Low-Order Byte 

Bit Meaning 






1/0 transfer line 8. 


1 


1/0 transfer line 7. 


2 


I/O transfer line 6. 


3 


I/O transfer line 5. 


4 


I/O transfer Une 4. 


5 


I/O transfer line 3. 


6 


I/O transfer line 2. 


7 


I/O transfer line 1. 


High-Order Byte 


Bit 


Meaning 





1/0 identifier bit 8. 


1 


I/O identifier bit 4. 


2 


I/O identifier bit 2. 


3 


1/0 identifier bit 1. 


4 


I/O device attached 


5 


I/O transfer line 1 1 


6 


I/O transfer line 10 


7 


1/0 transfer line 9. 



The meaning of each of the I/O transfer lines (check condi- 
tion, device status, etc.) is determined by each individual 
I/O device control unit and will be specified by manuals 
discussing that I/O device. Not all the I/O transfer lines will 
necessarily be used by any one unit. 
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Start I/O 

Mnemonic: SIO 

Op Code Q Byte Control Code 



F3 


001l!ollS) 





Operation: The start I/O instruction is used to control the 
mode of operation of the SIOC adapter, and to issue control 
signals (I/O select lines) to the attached I/O device. A start 
r/0 read or write instruction will electronically attach the 
adapter to the I/O device by setting it in either the read or 
write mode respectively. The attachment must be placed in 
either one of these modes in order for the transfer of data 
to occur. This instruction is also used to enable or disable 
the ability of the adapter to request an interrupt priority, if 
required by the attached I/O device. If an interrupt is 
requested and the interrupt ability is disabled, the interrupt 
is kept pending in the SIOC adapter. The interrupt-pending 
condition can be program-interrogated by a sense instruction. 
The interrupt request is reset and the SIOC adapter is also 
removed from the busy state with the SIO instruction. 

SIO instructions with N code 000 are accepted and executed 
by the adapter, regardless of its operating status; SIO in- 
structions with N codes Oil or 100 are accepted and exe- 
cuted by the adapter unless a busy condition exists. A 
busy condition causes the instruction to be rejected. For 
systems with the dual program feature, if an SIO instruction 
is rejected, the program level advances. Without the dual 
programming feature, the instruction causes the program 
to loop at the SIO instruction until it can be accepted. 
When the adapter becomes not busy the instruction is 
accepted and normal instruction sequencing continues. 

If the processor is not executing an SIOC interrupt routine, 
SIO instructions with N codes 001 or 010 are accepted and 
executed by the adapter unless an 1/0 Attention or busy 
condition exists. In these cases the instruction is rejected 
as described in the preceding paragraph. When the adapter 
becomes not busy, or when the cause of the I/O Attention 
condition is removed, the instruction is accepted and nor- 
mal instruction sequencing continues. 

SIO instructions are nooped under the three conditions 
described herein; (1) If an SIO instruction with N code 
of 001 or 010 is issued when a device is not attached, the 
instruction cannot be executed. In this situation the in- 
struction is accepted but not executed and the no-op status 
bit is set. This status bit can be sensed and reset with a SNS 
instruction. (2) If an SIO instruction with N code 001, 
010, 01 1, or 100 is issued and the no-op status bit is active, 
the instruction is accepted but is not executed and the no-op 



status bit remains active. (3) If an SIO instruction with N 
code 001 or 010 is issued during an SIOC interrupt routine 
and the I/O attention signal is active, the instruction is 
accepted but is not executed. The no-op status bit is set 
and the program advances to the next sequential instruction. 
This prevents CPU hangup as a result of the I/O attention 
signal becoming active during the SIOC interrupt routine. 
The ability to issue and execute SIO instructions with an 
N code of 000 permits programming to recover from this 
situation. A reset interrupt request instruction can be used 
to exit the interrupt routine. 

Combinations of the N code not shown in this section are 
invalid. Figure 9-1 summarizes SIOC operations according 
to the adapter status. 



Function 



WCode 


Control Code 




01234567 


000 


00000001 


000 


00000010 


000 


00000100 


000 


00001000 


000 


00010000 


001 


00000000 


010 


00000000 


on 




100 





Reset interrupt request. 
Enable interrupt ability. 
Disable interrupt ability. 
Remove SIOC adapter from 
busy state. 

Set interrupt request- 
Read I/O device. 
Write 1/0 device. 
I/O control 1 . 
I/O control 2. 



The I/O control N codes cause the select register to be 
set with bit significant bytes in the following pattern: 




10 


Control Byte 1 


m 


Meaning 





I/O 8 select 


1 


I/O 7 select 


2 


1/0 6 select 


3 


I/O 5 select 


4 


I/O 4 select 


5 


I/O 3 select 


6 


I/O 2 select 


7 


I/O 1 select 
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I/O Control Byte 2 



CHECKING 



Bit Meaning 






I/O 14 select. 


1 


I/O 13 select. 


2 


I/O 12 select. 


3 


I/O 1 1 select. 


4 


I/O 10 select. 


5 


I/O 9 select. 


6 


I/O unit 2 select 


7 


I/O unit ] select 



The contents of the data transfer register and the I/O 
channel data are tested for parity enors during data transfer 
operations and whenever instructions or data is being trans- 
mitted over the I/O channel to the SIOC adapter. Detected 
parity errors on data coming from the processing unit result 
in a processor check stop with a parity error indication- 
Parity errors detected in the data transfer register set a data 
transfer register parity check sense bit that can be tested by 
a sense I/O instruction. 















DTR 


Instruction 


DBO Parity 


D«vic« 
Not 




I/O Attention 


No-Op 


Parity 

Check 


Interrupt i Not Interrupt 


(Note 11 


EfTor 


Attached 


Busy 


Routine . Routin« 


Bit On 


(Note 2) 


SIO 














N - Code 


ProceMor Check 


ExQCLrte 


Execute 


Execute ' Execute 


Execute 


Execute 


N - Code 1 


Processor Check 


No-Op 


Reject 


No-Op ^ Reject 


No-Op 


Execute 


(Vl - Coda 2 


Processor Check 


No-Op 


Reject 


No-Op ' Reject 


No-Op 


Execute 


N - Code 3 


Processor Check 


Execute 


Reject 


Execute ' Execute 


No-Op 


Execute 


N- Code 4 


Processor Check 


Execute 


Reject 


Execute ' Execute 


No-Op 


Execute 


LIO 


Processor Check 


Execute 


Reject 


Execute 


No^p 


Execute 


(all valid 














N- Codes) 














SNS 


Proc«ssor Check 


Execute 


Execute 


Execute 


Execute 


Execute 


(all valid 














N- Codes) 














TIO 














N - Code 


Processor Chock 


Branch 


Not 
Applicable 


Branch 


Branch 


Branch 


(Vl - Code 2 


Processor Check 


Not 
Applicable 


Branch 


Not Applicable 


Not 
Applicable 


Not 
Applicable 


Notes: 1. An 


invalid instruction cau 


sesa CPU che 


ck, stopping tl 


he system. 






Z Ihi 


; data transfer reflister 


parity check si 


tatus bit Is res 


et whan the adapter recognize 


s a valid 




SIC 


) instruction • 












3. Wh 


en the adapter no-ops 


an instruction, 


it accepts the 


instruction but does not exec 


ute it- 





Figure 9-1. Summary of Instruction Handling Based Upon Adapter Status 
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IBM 1255 Magnetic Character Reader 



The IBM 1255 Magnetic Character Reader provides the 
capability of entering data inscribed with magnetic ink 
characters on paper documents. The 1255 is available in 
these models: 







Maximum 


Number of 


(odel 


Font Read 


Throu^put** 


Slacken 


1 


E-13B 


500/min. 


6 


2 


E-I3B 


7 so/mm. 


6 


3 


E-13B 


750/min. 


12 


21 


CMC 7* 


SOO/min. 


6 


22 


CMC 7* 


750/min. 


6 


23 


CMC 7* 


750/min. 


12 



* Character font used outside the United States 
** Measured with 6-inch documents 



A discussion of the capabilities, chaiacteristics, and opera- 
tions of the magnetic character reader can be found in IBM 
1255 Magnetic Character Reader Components Description, 

Form A24-3 542. 



OPERATION 

The 1255 attaches to the system SIOC and operates through 
the instructions issued to the SIOC. The exact form of 
these instructions is discussed in the SIOC chapter of this 
manual. 



General Programming Requirements 

In addition to the instructions which actually control 
fxmctions of the reader, the foUowing items must be handled 
in a specific manner in order for the 1255 to operate with 
the SIOC: 

1. Before executing the instructions that cause the reader 
to operate, the function register of the SIOC must be 
loaded by a load I/O instruction. The two bytes 
loaded must contain a 1 in bits 1 and 5 of the high- 
order byte and a 1 in bit 6 of the low-order byte. AU 
other bits in these bytes must be 0. 

2. The length count register must be loaded by a load 
I/O instruction issued to the SIOC. The number to be 
loaded into the register is 256 minus the number of 
bytes to be read from the 1 255. This operation must 
be performed before each read instruction. 

3. The SIOC data address register must be loaded with an 
address before reading occurs for each read operation. 
This address designates where in storage the data read 
from the document is to be stored. The address must 
be the address of the loworder byte of the data field. 
This register is loaded with a load I/O instruction. 

4. The device identification assigned to the 1255 is 001 1. 
The fact that the 1255 is the device attached to the 
SIOC can be detected by the sense I/O instruction 
sensing the I/O transfer lines. Bits through 3 of the 
high-order sense byte stored by this instruction con- 
tain the device identification. For the 1255 bits and 
1 will be and bits 2 and 3 will be 1, 

5. A start I/O instruction must be issued to enable 
interrupts for the SIOC. The 1255 requires that 
processing for the documents be performed within 
specified periods of time to provide correct processing. 
The 1255 causes an interrupt at the end of every 
document, and this interrupt must be enabled to 
allow processing to commence. 
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Feeding Documents 



Directing the Disposition of Documents 



The 1255 begins to feed documents in the online mode 
after (1) the 1255 start key has been pressed, and (2) an 
engage command has been issued. The reader continues to 
feed documents until; 

1 . The program issues a disengage instruction, 

2. An empty hopper condition occurs, 

3. A full staclcer condition occurs, 

4. The operator presses the 1255 stop key, or 

5. A jam, interlock, or late stacker-select condition 
occurs. 



Documents are directed to the stackers in the 1255 by 
stacker select commands. These commands are generated 
by start I/O instructions that load the I/O select register. 
For 500 documents per minute models, the stacker select 
command must be issued within 24 milliseconds of the time 
a document leaves the read head (signaled by an interrupt 
request) if the document is to be stacked in the first (low- 
est) stacker, or within 50 milliseconds of the document's 
leaving the read head if it is to be stacked in any other stack- 
er. For 750 documents per minute models, the stacker sel- 
ect command must always be issued within 24 milliseconds 
after the document leaves the read head. If the stacker sel- 
ect command is not issued within these limits, the document 
is rejected and the 1255 stops after all documents in the 
transport are directed to the reject stacker. The fact that 
the reader is stopped is conveyed to the processing unit. 



Note: An engage instruction immediately followed by a 
disengage instruction causes single-document feeding. 

A disengage command from the processing unit is required 
for stopping document feeding under program control. The 
engage command is issued by executing a start I/O instruc- 
tion for the SIOC with an N code of 1 00, and a control code 
of 00000001. The disengage command is issued by a start 
1/0 instruction with an N code of 100 and a control code of 
00000010. 



Obtaining Information about the Condition of the Reader 

Indications of the condition of the reader are obtained by 
issuing a sense I/O conimand. The sense command is 
required to detemiine if the read command was issued in 
time, if the fields read from the document are valid, where 
documents are located in the transport, and if the reader is 
operating. 



Retrieving Data From Documents 

Data is obtained from documents passed through the 1 255 
by issuing start I/O commands specifying read. A read 
command must be issued for each document before that 
document reaches the read head. Failure to issue the neces- 
sary read command results in the document's being rejected 
and an auto reject signal being sent to the processing unit. 

For data to be transferred from the 1255, the validity-check- 
and-readout switches for the desired fields must be pressed. 

The 1255 generates an end of transmission (EOT) signal 
after reading each document and whenever the sorter stops. 
The EOT signals the SIOC to request an intenupt. 

The first character transferred from the 1255 enters storage 
at the address designated by the SIOC data address register. 
Subsequent characters enter successively lower storage 
locations. 



INSTRUCTIONS 
Start I/O 

Mnemonic: SIO 



Op Code Q Byte Control Code 



F3 


I r- ■ 
OOniOiN 





Operation: The reader performs the operation specified by 
the N code and the control code. 

The Q byte comprises a device address (always 001 1 for the 
reader) in the first four bits, an M bit of 0, aiid an N code. 
The N code in conjunction with the control code, specifies 
the operation to be performed. The operations performed 
are: 
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NCode 


Control Code 


Operation 


000 or 
001 


00000001 


Reset interrupt request 
(performed by the SIOC), 


000 or 

001 


00000010 


Enable interrupt 
(performed by the SIOC). 


000 or 
001 


00000100 


Disable interrupt 
(performed by the SIOC). 


000 or 
001 


00001000 


Reset SIOC adapter, removing 
SIOC from busy state (per- 
formed by the SIOC). 


000 or 
001 


00010000 


Set interrupt request. 


001 


00000000 


Read I/O device. 


010 


00000000 


Invalid for 1255. 


on 




Control I/O, 


100 




Control I/O. 



The control I/O operations set the 1/0 select register to 
produce the desired operation. The following operations 
can be performed by each N code. 



NCode Oil 








Models ;. 2. 21 22 


Models i, 23 


Control Code Bit 


Operation 


Operation 





Not used. 


Select stacker 7 


1 


Select stacker 6. ** 


Select stacker 6 


2 


Not used. 


Select stacker 5 


3 


Select stacker 4. 


Select stacker 4 


4 


Select stackers.* 


Select stacker 3 


5 


Select stacker 2. 


Select stacker 2 


6 


Select stacker 1.* 


Select stacker 1 


7 


Select stacker 0. 


Select stacker 



NCode 100 










Models I 2, 21, 


22 


Models 3, 23 


Control Code Bit 


Operation 




Operation 





Not used. 




Not used. 


1 


Select reject stacker. Select reject stacker 


2 


Not used. 




Not used. 


3 


Not used. 




Select stacker A. 


4 


Not used. 




Select stacker 9. 


5 


Select stacker 8. 




Select stacker 8. 


6 


Disengage feed. 




Disengage feed. 


7 


Engage feed. 




Engage feed. 



Stackers on the 12 stacker readers are arranged in two vert- 
ical rows of six stackers each. Stackers on the left bank are 
numbered, from bottom to top: 0,1,2,3,4, and R. Those 
on the right bank are numbered 5,6,7,8,9, and A. 



Load I/O 








Mnemonic: LIO 




Op Code Q Byte 


Operand Address 


Y1 


1 , 

OOllIo^N 
1 • 




1 
1 



Operation: The two bytes contained in the two-byte field 
addressed by the operand address are placed in the register 
designated by the Q byte. The operand is addressed by the 
low-order byte. 

The Q byte comprises a device address (always 001 1) in 
the high-order four bits, an M bit of 0, and an N code. The 
N code specifies the register into which the contents of the 
operand field are to be loaded. 




* Invalid code fox standard (even/odd) sort pattern readers 
** Invalid code for optional (0-4/5-9) sort pattern readers 



/Code 


Destination 


000 


Invalid. 


001 


I/O function register. 


010 


SIOC length count register. 


oil 


Invalid. 


100 


SIOC data address register. 


101 


Data transfer register. 


no 


Invalid, 


111 


Invalid. 
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Specification of an invalid N code results in a processor 
check stop with an invalid Q byte indication. 

The 1/0 function register must be loaded with the following: 

High-Order Byte Lo v^-Order Byte 

01000100 00000010 



Status Byte 

Bit Meaning 





1 

2 
3 


Spare. 

End'request. 
Interru^pending. 
1/0 attention. 


4 
5 
6 
7 


Data transfer register parity check 

No-op. 

Length count register overflow. 

1/0 ready. 



Sense I/O 

Mnemonic: SNS 



The 1/0 transfer lines are bit significant as follows: 
High-Order Byte 



Opcode 



Q Byte 



Operand Address 



YO 



GOTVOIN 






Operation: The two bytes specified by the Q byte are 
placed in the two-byte field addressed by the operand 
address. The operand is addressed by the low-ordei byle. 

The Q byte comprises a device address (always 001 1) in 
the high-order four bits, an M bit of 0, and an N code. The 
N code specifies the sense bytes or registers that are to be 
sensed. 

N Code Senses 

000 Invalid. 

001 I/O function register. 

010 Length count register and status byte. 

01 1 I/O transfer lines and I/O indentification 

1 00 Data address register. 

101 Data transfer register and diagnostic byte. 
110 Invalid. 

1 1 ] Invalid. 

Specification of an invalid N code causes a processor check 
stop with an invalid Q byte indication. 

The status byte and diagnostic byte are stored as the high- 
order bytes of their respective sense operations. They are 
bit-significant as follows: 



Bit 


Meaning 






Models 1, 2, 3 


Models 21, 22, 23 





will be 0. * 


will be 0. * 


1 


will be 0. * 


will be 0. * 


2 


willbel. * 


willbel. * 


3 


will be 1. * 


wiUbe 1. * 


4 


1255 attached. 


not used. 


5 


Not used. 


Field 7 valid. 


6 


Not used. 


Field 6 valid. 


7 


Sorter is stopped. 


Sorter is stopped. 


* 


If the attached device is an IBM 1 255. 


Low 


-Order Byte 




Bit 


Meaning 






Models I 2, 3 


Models 21, 22, 23 





Auto reject. 


Auto Reject 


1 


Serial number field 
valid. 


Field 5 valid 


2 


Transit routing 
field valid. 


Field 4 valid 


3 


Account number 
field valid. 


Field 3 valid 


4 


Process control 
field valid. 


Field 2 valid 


5 


Amount field vaJid. 


Field ] valid 


6 


Document under 


Document under 




read head. 


read head 


7 


Document to 


Document to 




be read. 


be read 



10-4 



Sorter is stopped is conditioned by the main motor being 
stopped, A main motor stop is caused by a jam, a late 
stacker select, an empty feed hopper, or the reader stop key 
being pressed. This line is deconditioned (bit turned off) 
by clearing the stop condition and restarting the reader. 

All field valid indicators are conditioned when their respec- 
tive fields including bracketing symbols are read without 
error, and deconditioned when the leading edge of the next 
documeirt is sensed at the read head. 

The auto reject indication turns on for any document that 
is rejected automatically by the reader. This occurs if a 
read command is not issued for a document before the 
document reaches the read head, a short document, an 
overly long document, or when a document spacing error 
occurs- The indicator turns on when the error condition is 
detected and stays on until the following document arrives 
at the read head, except that for a document spacing error 
the indicator stays on through the second document 
because both documents are rejected. A stacker select 
command other than reject must not be issued for an auto- 
reject document to prevent missorting. 

The document under read head bit comes on when a docu- 
ment passes under the read head and turns off when the 
document leaves the read head. It can be used to determine 
if a document cleared the read head if the read command 
has been terminated before the end of the document. A 
stacker select conunand must not be given for the document 
until the document leaves the read head. 

The document to be read bit is on as soon as the 1255 tries 
to feed documents. The bit turns ofT when the document 
passes under the head after the 1255 stops trying to 
feed documents. The bit also turns off because of a jam 
condition between the separator and the read head. 

When a hopper runout occurs, the line remains conditioned 
for about 850 milliseconds after the last document is fed 
(until the sorter-is-stopped line becomes active). 



//O Ready 

This condition indicates that the 1255 is selected for a 
read operation. When the document reaches the read 
head, the system must be ready to start receiving data from 
the 1255. 



i/0 Attention 

The I/O attention condition indicates that normal operator 
intervention is required on the 1255. Normal operator 
intervention conditions are: 
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1. Full stacker. 

2. Empty hopper. 

3. The 1255 has stopped with the feed light on. 

4. Document feeding has been stopped because the stop 
key has been pressed. 

5. No validity -check-and-readout key is in the depressed 
position. 

A jam that occurs in the separator area is indicated as an 
empty hopper condition. Error conditions (feed jam, 
transport, interlock, and stacker command) inhibit an I/O 
attention indication. 



Test I/O and Advance Program Level 

These instructions operate on the SIOC even though they 
must be used when operating the 1255. See the SIOC 
chapter for a discussion of these instructions. The test 1/0 
busy indication means that the 1255 is performing a read 
operation. 

FEATURES 

Account Number Checking 

For a description of the manner in which account number 
checking is performed, see the 1255 Components Descrip- 
tion manual. If an account number is found incorrect when 
this feature is installed, iht account number field vahd 
indicator bit is turned off. No special programming is 
involved with the account number checking feature. 

51-Column Sort Feature 

This feature allows the 1255 to handle documents shorter 
than the standard documents. These documents lack a 
transit-routing field. This fact could be used by a program 
to distinguish 51 -column documents from others. 

Dash Symbol Transmission 

This feature allows the 1255 to transmit the dash symbol 
from the transit-routing field. Because different nations 
of the world use the dash symbol in different positions of 
their transit-routing fields, this fact can be used by program- 
ming to distinguish between checks from different countries. 

Document Counter 

This feature has no effect on programming the 1255 for 
System/3. 
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Synchronous Communications Features 



BINARY SYNCHRONOUS COMMUNICATIONS ADAP- 
TER (BSCA) 

The binary synchronous communications adapter is a 
special feature for the IBM System/3 Card and Disk Systems. 
It provides the system with the ability to function as a 
point-to-point or multipoint processor terminal. Operation 
is half duplex, synchronous, and serial by bit, serial by 
character over either non-switched or switched voice grade 
or better two-wire, four-wire, or wide band communication 
facilities. 

Operation of the BSCA is fully controlled by a combination 
of System/3 stored program instructions and BSCA logical 
responses to line control characters. With the feature in- 
stalled, the system can both transmit and receive during a 
single communication, although half-duplex operation pre- 
vents simultaneous transmission and reception of data. 

Two BSCA features can be installed on a single IBM 
System/3 Model 10 for concurrent operation as indepen- 
dent stations on separate conununications networks. 



Point-to-Point Comnnunications Networks 

The BSCA functions in either a switched or non-switched 
point-to-point network. Normally, contention cannot 
occur because the called station must be made ready to 
receive before a call can be completed- However, a two- 
second timeout can be programmed to resolve any con- 
tention situations that may occur, 

System/3 can be designated, by programming, as either the 
primary or secondary station. 

Multipoint Communications Networks 

IBM supports System/3 both as a tributary station and as 
a control station on a multipoint network. 



Data Rates 

The fust BSCA can operate at various data rates between 
600 bits per second (baud) and 50,000 bits per second. 
The customer selects the data rate to be used, and his 



BSCA is equipped with an appropriate interface as a no 
charge selective feature. Interconnected units must oper- 
ate at the same data rate. The second BSCA operates at 
a maximum rate of 7200 bits per second. 

Data Set Interface 

The data set interface modifies the BSCA for operation on 
voice grade communications channels. This interface makes 
possible data rates between 600 and 7200 bits per second, 
provided the appropriate data set is installed, (For informa- 
tion about acceptable data sets, or their equivalents, con- 
suh your IBM sales representative.) 
Local Attachment Feature Interface 

The BSCA can be equipped with an EIA local attachment 
feature that allows the BSCA to communicate with an 
IBM 3270 Information Display System located in the 
immediate area (without the use of a data set). 
With this feature attached, the data rate is either 2400, 
4800, or 8000 bits per second, as specified for the installa- 
tion. 
Data Station Interface 

The data station interface modifies the first BSCA for 
operation on wide band communications charmels at data 
rates between 19,200 and 50,000 bits per second. (For 
information about acceptable data sets, or their equiva- 
lents, consult your IBM sales representative.) 
Data Sets (Modems) 

The data set receives the data serially by bit and serially by 
character from the communications line during receive 
operations and presents the bits to the communications 
adapter. During transmit operations the communications 
adapter receives characters from storage serially, then makes 
them available serially by bit, serially by character to the 
data set. The data set places each bit on the communica- 
tions line as soon as it receives the bit from the BSCA. 

The customer must consider which data set he will be 
using at the time he orders his BSCA feature. 

Transmission Rate Control 

A timing device called a clock controls the rate at which 
data is transmitted and received. For the data set inter- 
face, clocking is furnished either as a special feature for 
the BSCA or else by the data set, depending on which 
type of data set is selected. For the data station interface, 
the data set must furnish the clock. Clocking is furnished 
as part of the feature when the EIA local attachment 
feature is installed. 
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Transmission Codes 



SUBFEATURES OF THE BSCA 



Data can be transferred in either of two codes, extended 
binary coded decimal interchange code (EBCDIC) or the 
IBM version of the Ajnerican National Standard Code for 
Information Interchange (American National Standards 
Institute, 3.4-1968. This code is called ASCII in this 
publication.) The customer must specify which code he 
will use at the time he orders the BSCA feature. (Only 
units using the same code can communicate with each 
other.) 

EBCDIC is the standard, 8-bit plus parity, internal binary 
code of the IBM System/3. (This code is illustrated in 
Appendix B.) The parity bit, used for internal checking, 
is not transmitted over the communications network. 

ASCII is a 7-bit code plus parity. It is illustrated in Appendix 
B. Unlike EBCDIC, which numbers its bits through 7 
starting at the highorder bit, ASCII numbers its bits 1 
through 7 starting at the Jow-order bit (Figure 11-1). 

All characters are transmitted over the line low-order bit 
first. For ASCII, the high-order bit must be a zero bit from 
core on transmit. If the adapter does not receive a high- 
order zero from core, it will generate and send out a wrong 
parity (?) bit. In addition, the invalid ASCII character 
status bit will be set on causing a unit check condition. 

On receive, the 'first bit received is transferred into low- 
order core position and so on. For ASCII, the adapter fills 
a zero into the high-order bit position in core except when 
the character has a VRC error. 

EBCDIC and ASCII have different coding structures to 
represent characters. When ASCII is used with System/3 
communications adapter, the program must translate data 
from EBCDIC before transmission and to EBCDIC after 
reception. This translation is not performed by the commun- 
ications adapter. 





First Hex 


Second Hex 


high 


low 


TRANSMISSION 


8 7 6 5 


4 3 2 1 


EBCDIC 


12 3 


4 5 6 7 


ASCII 


P 7 6 5 


4 3 2 1 


Auto Call Dial Digit (BCD) 


X X X X 


8 4 2 1 



Figure 1 1-1. Bit Positions and Significance 



Two subfeatwes of the commurucations adapter are 
standard; intermediate block checking and auto answer. 
The auto answer feature (switched network only) enables 
the communications adapter to respond to a telephone 
request for data communications automatically without 
operator intervention if the data set has unattended answer 
capability. The intermediate block checking feature allows 
transmission and reception of checking characters for check- 
ing the accuracy of communication without interrupting 
the steady flow of information from the transmitting station 
to the receiving station. 

In addition to the two standard subfeatures, certain optional 
subfeatures are offered to enhance the capabilities of the 
commurucations adapter. 



Station Selection (Special Feature) 

This feature allows the system to operate as a tributary 
station in a multipoint communications network. This 
feature excludes the auto call feature and is not available 
with the high-speed interface selective feature. 



Internal Clock (Special Featurel 

This featwe provides an internal clocking system in the 
communication adapter to allow operation with data sets 
that do not provide clocking to the adapter. The internal 
clock feature provides the following transmission rates: 

600 bits per second 
1200 bits per second 
2000 bits per second 
2400 bits per second. 

Only one of the above transmission rates can be specified 
for each communication adapter. (Stations can communicate 
only with other stations using the same transmission rate.) 
This feature excludes the high-speed interface selective 
feature. 



High-Speed Interface (No-Charge Selective Feature) 

This feature (which is used only with the first BSCA) 
enables the communication adapter to interface with data 
sets that provide data rates between 19200 bits per second 
and 50000 bits per second. This feature excludes the 
internal clock feature, so the data set must furnish data 
clocking when this feature is installed. 
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1200 BPS INTEGRATED MODEM SPECIAL FEATURE 

This feature eliminates the need for a stand-alone modem 
between either the first or second BSCA feature and tele- 
phone facilities. The 1200 BPS (bits per second) Integrated 
Modem special feature lets the BSCA operate at 1200 bits 
per second on either (1) a leased half-duplex or duplex net- 
work or (2) a switched network. 

The 1200 BPS feature is housed in the BSCA feature inside 
the CPU. Data interchange with the communications facil- 
ity is serially by bit and serially by character using frequen- 
cy shift keying (FSK) modulation. The BSCA internal 
clock is a prerequisite feature and perfomis modem clocking. 

The 1200 BPS feature is available in two versions: 

• The leased line (non-switched) version attaches to a 
Type 3002 line facility by means of a cable supplied 
for the 1200 BPS feature. 

• The switched line version provides automatic answering 
as a standard function and attaches to a Type CBS or 
equivalent common carrier arrangement by means of a 
cable supplied for the 1200 BPS feature. 

Neither version can be installed on a BSCA that has the 
auto call feature. 

Note: If the 1200 BPS feature is installed in a BSCA that 
has the rate selection feature (not available in the United 
States), the modem can operate at either 600 bits per 
second or 1200 bits per second under switch control. 
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Auto Call (Special Feature) 

ITiis special feature permits automatic connection with a 
remote station on a switched network to be established by 
means of a program instruction. An auto calling unit (ACU), 
not supplied by IBM, must be used with this feature to 
enable the automatic connection to occur. This feature 
excludes the station selection feature. 

Full Transparent Text Mode ISpecial Feature) 

This feature allows all the 256 possible bit combinations 
available in the EBCDIC to be transmitted through the com- 
munications adapter as data. This feature is necessary be- 
cause certain of the EBCDIC characters are designated as 
line control characters and cause the communications adapter 
to perform a function. The transparency feature allows 
these control characters to be handled as data. This feature 
excludes the ASCII option. 

Rate Select Switch (Special Feature) 

Systems installed outside the U.S.A. that use data sets 
capable of operating at two rates are equipped with rate 
select switches. The rate select switch allows the system 
to operate at either 600 bits per second or 1200 bits per 
second, according to the switch setting selected. 

El A Local Attachment (Special Feature) 

The EIA local attachment feature allows attachment of an 
IBM 3270 Information Display System (via an IBM 3271 
Control Unit) or an IBM 3275 Display Station in the same 
local environment without adapting the data signals from 
either the BSCA or the 3271 for network transmission. The 
local attachment feature is installed in the 5410; it is 
equipped with a female connector to which the signal cable 
from the 3271 is connected. The feature supplies clocking 
for both the BSCA and the 3271 at data rates of either 
2400 or 4800 bits per second, as specified for the instal- 
lation. 

The EIA local attachment feature excludes the internal 
clock special feature and the attachment of any data set 
or IBM line adapter to the BSCA housing the EIA feature. 

LOCAL COMMUNICATIONS ADAPTER (LCA) 

The local communications adapter feature allows direct 
attachment (no data set/modem) of an IBM 3471 Data 
Station Model 2, an IBM 3271 Control unit, or an IBM 
3275 Display Station to an IBM System/3 EWsk System. 
The LCA is installed in the IBM 5410 Processing Unit, 
The external (data set/modem) cable furnished with the 
attached device (3741-2, 3271, or 3275) is plugged directly 
into a connector provided with the IXA feature. 



Only one device may be physically attached to the LCA at 
a time. The LCA provides clocking at a rate of 2400 bits 
per second for the attached device and operates in a point- 
to-point, non-transparent mode using extended binary 
coded decimal interchange code (EBCDIC). 

The LCA cannot be installed on a system with an installed 
first BSCA, and only one LCA can be installed. However, 
a system can be equipped with an LCA and a second BSCA 
feature. None of the BSCA subfeatures can be used with 
the LCA feature. 

Registers and programming required for operation of the 
first BSCA feature are used for the LCA feature. 

LOCAL STORAGE REGISTERS USED BY COMMUNICA- 
TIONS ADAPTERS 

Three local storage registers (two of which are located in 
the adapter) are provided for the communications adapter; 
the current-address register, the transition-address register, 
and the stop-address register. These registers hold the stor- 
age addresses of data or line control characters at which 
certain actions are to occur, or the address of the next byte 
to be transmitted or received. 



Current Address Register 

The current-address register contains the address of the 
next byte to be operated on. When data is being trans- 
mitted, this register is used to address storage for each byte 
that is to be transmitted. When data is being received, this 
register is used to address storage for storing each byte as it 
is received from the line. The address is incremented by 
plus one under control of the adapter during every 1/0 cycle 
steal. 



Transition Addrets Register 

The transition-address register stores the address at which 
a reversal is desired between transmitting and receiving in a 
transmit-and-receive operation. When the address in the 
current-address register equals the address in the transition- 
address register, the adapter stops taking data from storage 
on cycle steals and begins stealing I/O cycles to store the 
characters received from the communications line. 

Stop Address Register 

The stop-address register stores the address at which the 
communications adapter I/O operation must stop. When the 
address in the current-address register equaJs the address in 
the stopnaddress register, the communications adapter ends 
its operation and generates an interruption request. 
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BSCA TERMINAL CONTROL 



Adapter controls are called into action at each station by: 

• starting codes, to enter certain modes and to begin to 
accumulate BCC 

• modifiers, sync characters, and data link escape functions 
(ITB,SYN.DLE) 

• ending codes, to terminate blocks and activate checking 
functions. 



Control Characters and Sequences (Figure 11-2) 

Note: When transmitting, the adapter turns around to 
receive when the current address register is equal to the 
transition address register. The program must ensure that 
the last character of the change of direction (C.O.D.) 
sequence is at a location one less than the Transition Ad- 
dress. When receiving, any COD. character or sequence 
causes the adapter to terminate the receive operation and 
issue an op end interrupt request. 



SOH or STX resets control state mode and sets the 
adapter to data mode. The first SOH or STX after line 
turnaround resets the BCC buffer and BCC accumulation 
commences with the folJowing character. 

ETB orETX resets data mode in the adapter and is the 
last character included in the BCC accumulation. At 
the master station, the adapter transmits the BCC and 
the pad character. At the slave station, the adapter com- 
pares its BCC accumulation with the BCC (s) received 
following the ETB or ETX. 

For recognition ofEOTorNAK as a control character, 
the adapter requires that four contiguous "1" bits must 
be received inmiediately following the EOT or NAK. 
Also, the EOT character must be the first non-SYN 
character after establishing character sync. The four 
"I's" are stored in the four low-order bit positions of the 
core location following the EOT or NAK. The four 
high-order bit positions of this byte should be ignored. On 
Transmit, the adapter automatically generates the four 
contiguous "1" bits by sending the trailing PAD character. 



Name 


Mnemonic 


EBCDIC 


ASCII 


Start of Heading 


SOH 


SOH 


SOH 


Start of Text 


STX 


STX 


STX 


End of Transmission Block * 


ETB 


ETB 


ETB 


End of Text • 


ETX 


ETX 


ETX 


End of Transmission • 


EOT 


EOT 


EOT 


Enquiry • 


ENQ 


ENQ 


ENQ 


Negative Acknowledge * 


NAK 


NAK 


NAK 


Synchronous Idle 


SYN 


SYN 


SYN 


Data Link Escape 


DLE 


DLE 


DLE 


Intermediate Block Character 


ITB 


lUS 


US 


Even Acknowledge * 


ACKO 


DLE (701 


DLEO 


Odd Acknowledge * 


ACK1 


DLE/ 


DLE 1 


Wait Before Transmit-Pos. Ack. * 


WACK 


DLE, 


DLE; 


Mandatory Disconnect * 


DISC 


OLE EOT 


DLE EOT 


Reverse Interrupt * 


RVI 


DLE® 


DLE< 


Temporary Text Delay * 


TTD 


STX ENQ 


STX ENQ 


Transparent Start of Text 


XSTX 


DLE STX 




Transparent Intermediate Block 


XITB 


DLE lUS 




Transparent End of Text * 


XETX 


DLE ETX 




Transparent End of Trans. Block * 


XETB 


DLE ETB 




Transparent Synchronous Idle 


XSYN 


DLE SYN 




Transparent Block Cancel * 


XENQ 


DLE ENQ 




Transparent TTD * 


XTTD 


DLE STX DLE ENQ 




Data OLE in Transparent Mode 


XDLE 


OLE DLE 





* Change of direction character. 
Figure 11-2, Contiol Characters and Sequences 
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• ENQ resets data mode in the adapter. 

• SYN is generated and transmitted automatically by the 
adapter to establish and maintain synchronism. SYN does 
not enter BCC or core. A SYN from core at the trans- 
mitting station is transmitted, but does not enter core 

at the receiving station nor BCC accimiulation at either 
station. 

• SYN SYN is the sync pattern in non-transparent mode. 
Two contiguous SYN characters are always transmitted 
inmiediately following an ITB or XITB, BCC sequence. 
SYN is also used as a time fill character for a transmit 
only instruction ternunated by ITB or XJTB until the 
next transmit and receive instruction is issued. 

• ITB is included in the BCC and causes the BCC (s) to be 

gent or received. Both adapters continue in data mode 
with the new BCC accumulation starting with the first 
non-SYN character. 

• DLjE" alerts the adapter to test the following character 
for a defined control sequence. In non-transparent data 
mode, DLE is treated as data. 

• XSTX resets control state and sets the adapter to data 
mode and transparent mode. Unless preceded by 
SOH — , XSTX resets the BCC register and BCC 
accumiilation commences with the following character. 
In transparent mode, the first DLE in each two character 
DLE sequence does not enter BCC or core. The second 
character does, if it is not SYN. Also, the transmitting 
adapter inserts a DLE for each DLE received from core. 

• XSYN is the sync pattern for maintaining synchronism 
Ln transparent mode. It does not enter BCC or core. 

• XENQ resets data mode and transparent mode in the 
adapter. 



The BSCA also generates and transmits a hexadecimal FF 
(PAD) character as the second character of the NAK and 
EOT control character sequences. 

When transmission starts, the adapter automatically gen- 
erates and inserts a PAD character (in this case, a hexa- 
decimal 55) ahead of the initial synchronizing sequence. 
No leading or trailing PAD character (except a PAD charac- 
ter immediately following either EOT or NAK) is stored 
during receive operations. 



BSCA Synchronization 

The BSCA receives timing pulses externally from the 
modem which, in this case, establishes and maintains bit 
synchronism. The adapter starting to transmit automati- 
cally sends two SYN's required for establishing character 
synchronism at the receiving adapter. The receiving adap- 
ter establishes character synchronism by decoding two 
consecutive SYN*s. 

An adapter with internal clock feature or EIA local attach- 
ment feature establishes and maintains bit synchronism 
on its own. For this purpose, the BSCA automatically 
send two additional HEX "55" characters preceding the 
character synchronism pattern. 

To maintain character synchronism, the transmitting adapter 
(master) inserts a synchronization pattern, SYN SYN, at 
every transmit timeout. The synchronization pattern does 
not enter BCC or core. In transparent mode, the transparent 
synchronous idle is used. 

If a transmit only operation is terminated with ITB or 
XITB, the synchronization pattern, SYN SYN, is transmitted 
immediately following the BCC(s). 



• XETB or XETX causes the same adapter action as ETB 
or ETX and, in addition, resets transparent mode. 

• XITB causes the same adapter action as ITB and, in 
addition, resets transparent mode. 



Pad Characters 

The BSCA generates and sends one PAD character for each 
change of direction character transmitted. If the change of 
direction sequence calls for a BCC character, the PAD char- 
acter follows the BCC character; otherwise, the PAD char- 
acter follows the change of direction character in the mes- 
sage being transmitted. This PAD character is hexadecimal 
FF. 



FRAMING THE MESSAGE 

The program at the transmitting station must frame the 
data to be sent with appropriate line control characters. 
These characters are stored at the receiving station, so the 
program must allow space for them in storage. When trans- 
mitting, the BSCA automatically generates and transmits 
SYN, PAD, and BCC (or LRC/VRC for ASCII) characters 
as required for establishing and maintaining synchronism 
with the remote station and for error checking. When 
receiving, the BSCA removes all SYN and BCC (or LRC/ 
VRC) characters and some PAD characters received from 
the data being sent to the storage. The PAD character 
following a NAK or EOT is not removed by the adapter. 
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Response characters (ACK 0, ACK 1, WACK, and NAK) are 
inserted by the stored program, not the transmitting BSCA. 
They are not stripped by the receiving BSCA. The program 
must store these characters in a known location so that the 
program can test them to determine what action to take 
next. 



For auto call, an op end intermpt occurs after the connec- 
tion has been estabHshed or the call has been abandoned. 

In a receive type operation, an op end intermpt is generated 
when a C. 0. D. character is decoded, when the current 
address equals the stop address, or when a receive timeout 
occurs. 



INTERRUPTS 

The BSCA initiates two types of level 2 interrupts: oper- 
ation end (op end) interrupts and intermediate text bJock 
(ITB) interrupts. Whenever an intermpt occurs, the pro- 
gram must determine, by means of TIO ITB interrupt aad 
TIO op end interrupt instructions, the type of interrupt 
that has occurred and which BSCA is affected. The ITB 
intermpt latch and the op end interrupt latch are reset 
by their respective TIO instmctions; both latches are 
reset by disable BSCA. 

The interrupt pending condition, which is set by either the 
op end or ITB intermpt latch, is remembered until it is 
reset by an SIO reset intermpt request instruction. When 
interrupts are disabled, the interrupt latches operate as when 
enabled, except that interrupt pending does not signal an 
intermpt request to the CPU. 

When two BSCAs are installed on System/3, determine 
which BSCA is originating the interrupt request by issuing 
a TIO intermpt pending instmction (see Figure 1 1-3). 
Interrupt pending indicates that either an ITB interrupt 
or an Op-End interrupt is needed by the tested BSCA. 
After determining which BSCA caused the interrupt, the 
program can issue appropriate TIO Op-End and TIO ITB 
instructions, using the appropriate M-bit to specify the 
BSCA requesting the interrupt. 

All BSCA interrupt requests should be serviced by routines 
similar to the one shown in Figure 1 1-3. Note that both 
types of interrupt must be tested and the ITB intermpt 
must be tested first. 



In a transmit only operation (see "Start I/O, Transmit and 
Receive Function"), the interrupt is generated when the 
current address, transition address, and stop address are 
all equal. In addition, if an adapter check occurs on trans- 
mit, the operation is immediately terminated and an op end 
intermpt is generated. 

In a loop test diagnostic operation, an op end interrupt 
is generated when the current address is equal to the stop 
address. 

On a start two second timeout operation, an op end inter- 
rupt is generated at the end of ihe two second period. 



ITB Interrupt 

An ITB intermpt occurs at a slave station whenever 
interrupt is enabled, an 1TB character is received, and no 
errors have been detected. 

The ITB intermpt should be serviced prior to the request 
for the next succeeding interrupt. (This period of time is 
a function of baud rate and number of bytes in the next 
intermediate block.) Allow time for CPU interference 
caused by I/O cycle steals and by the need to service 
higher priority interrupts. 

If the ITB intermpt is not serviced before the BSCA re- 
ceives the next ITB character, the next ITB Interrupt 
request may be lost. 



Op End Interrupt 

If enabled, an op end intermpt occurs at the end of the 
following BSCA operations: 

Auto Call 

Transmit & Receive 
Receive Initial 
Receive 
Loop Test 

Two Second Timeout (The BSCA need not be 
enabled to complete the two second timeout oper- 
ation with an op end interrupt.) 
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Figure 1 1-3. Generalized CommuTiicatloTis Adapter Interrupt 
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COMMUNICATIONS ADAPTER INSTRUCTIONS 


Start I/O 


Mnemonic: SIO 


Op Code Q Byte Control Code 


F3 


8|M| N 
J 1 






O-BSCAl" 
1 - BSCA 2, 









Operation: The start I/O instruction initiates all commun- 
ications adapter operations. While the communications 
adapter is busy or is not ready for any reason except unit 
check, the program will not accept any start I/O instruction 
except control. In systems with the dual programming 
feature, a start I/O instruction issued to a communications 
adapter that is busy or not ready causes an automatic pro- 
gram level advance. Issuing the start I/O when the com- 
munications adapter is in the not ready condition causes 
the I/O attention light and BSCA attention light on the 
system control panel to light. Correcting the not ready 
condition causes the instruction to be executed. 

The Q byte specifies the communication adapter as the 
I/O unit that is to operate and specifies the function to be 
performed. Bits through 3 of the Q byte are the device 
address, which is always hexadecimal 8 (1000 binary) for 
the BSCA. Bit 4 is a modifier bit that is always for the 
first communications adapter and 1 for the second. 

The N code (bits 5,6, and 7) specifies the operation to be 
performed as follows: 

N Code Operation 



000 


Control 


001 


Receive only 


010 


Transmit and receive 


oil 


Receive initial 


100 


Auto call 


101 


Invalid 


no 


Loop test 


111 


Invalid 



An invalid N code causes the processing unit to stop with 
the processor-check and invalid-Q indicators lighted. 

The third byte of the instruction is a control code. It is 
used to cause communications adapter control functions 
as follows: 



Control Code 


Function 


Bit 7 = 1 


Reset interrupt request 


Bit 7 = 


None 


Bit 6 = 1 


Enable interrupt request capability 


Bit 6 = 


Disable interrupt request capability 


Bit 5 = 1 


Stait two-second timeout 


Bit 5 = 


Cancel two-second timeout 


Bit 4 


Not used 


Bit = 


Disregard bits 1, 2, and 3 


Bit = 1 




and 




Bit 3 = 1 


Enable step mode 


Bit 3 = 


Disable step mode 


Bit 2 = 1 


Enable test mode 


Bit 2 = 


Disable test mode 


Bit 1 = 1 


Enable BSCA 


Bit 1 = 


Disable BSCA 



Control Function: The N code that specifies the control 
function provides only the functions specified by the 
control code. This is the only instruction that can initiate 
the two-second timeout function. 



Receive^nly Function: This operation accepts characters 
from the line and places them in storage at the location 
designated by the current-address register. The BSCA up- 
dates the current-address register plus one each time a char- 
acter is stored. The receive-only operation ends: (l)when 
a change of direction character is received from the line, (2) 
when the current-address register equals the stop-address 
register, or (3) when no synchronizing characters are re- 
ceived from the line for three seconds. 

Any of the control functions except start two-second time- 
out can be initiated by this instruction. 



Transmit-and-Receive Function: This function takes char- 
acters from storage at the location designated by the 
current-address register and transmits them on the line to 
the remote station. The BSCA updates the current-address 
register plus one as it transmits each character. The last 
character to be transmitted must be a change of direction 
character and must be stored at an address one less than the 
address contained in the transition-address register. 
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When the cunent-address register has been updated to equal 
the transition-address register, the conununications adapter 
stops transmitting and begins receiving characters from the 
line, storing the characters received into main storage at 
locations specified by the current-address register. The 
BSCA updates the cunent-address register plus one as it 
stores each character. 

The operation ends and the BSCA generates an interrupt 
request when: (1) a change of direction character is re- 
ceived, (2) the current-address register equals the stop- 
address register, or (3) no synchronizing characters axe 
received for three seconds. Any of the control functions 
except start two-second timeout can be initiated by this 
instruction. 

The transmit-and-receive instruction can be used as a trans- 
mit only instruction (this is mandatory for transmitting 
transparent ITB blocks) by loading the same address into 
both the transition address register and the stop-address 
register. A transmit-and-receive instruction with a zero length 
transmit field (initial value of the current-address register 
and transition-address register the same) is not allowed. 



are sent by BSCA logic to an automatic calling unit (ACU) 
that dials the number of the remote station. The BSCA 
updates the current-address register by plus one as each byte 
is transferred to the ACU. When the current-address register 
equals the stop-address register, the communications adapter 
stops sending digits to the auto calling unit and waits for 
an indication of line connection having been established or 
of the call's having been aborted. If the connection is 
established, the adapter is signaled to end the operation. If 
the call is aborted, the BSCA sets the timeout status bit, 
ends the operation, and generates an interrupt request. If 
the timeout status bit is on, the program should retry the 
operation after disabling the BSCA for two seconds. 

Any of the control functions except start two-second 
timeout or enable BSCA can be combined with this oper- 
ation. 



Loop Test Function: The loop test function is used by the 
CE to test the functioning of the communications adapter. 
It is of no use to the problem programmer. 



The transmit-and-receive function is provided to reduce 
line-turnaround time. The transmit-and-receive instruction 
should be used in all transmit sequences that require a 
response. 



Recefve-lmtial Function: This instruction allows the re- 
mote station to establish contact so it can transmit a mes- 
sage. The receive initial function is the only one that can 
be used by a tributary station for establishing contact in 
a multipoint network. In this operation the local commu- 
nications adapter monitors the line until it receives an 
initialization sequence. Upon receiving the initialization 
sequence, the communications adapter stores the charac- 
ters received in locations specified by the current-address 
register. The BSCA updates the address register by plus 
one as each character is stored. The operation ends and 
the BSCA generates interrupt request when: (1) the 
BSCA recognizes a change of direction character, (2) the 
current-address register equals the stop-address re^ster, or 
(3) no synchronizing characters are received for three se- 
conds after an initialization sequence is begun. Any of the 
control functions except start two-second timeout can be 
combined with this instruction. 

Auto Call: This function is provided as a special feature in 
the communications adapter. In operation, the commun- 
ications adapter takes the number to be called, one digit at 
a time, from storage locations specified by the current 
address register. Each digit to be dialed must be specified 
in BCD code in the digit portion of a byte. These numbers 



Reset Interrupt Request, Enable Interrupt, and Disable 
Interrupt Control Functions: These functions control the 
communications adapter's ability to interrupt the main 
program. The BSCA operates on interrupt level 2. Two 
kinds of interruptions can occur from the communications 
adapter; an ITB interruption and an operation-end (op end) 
interruption. The interruption routine must determine with 
a test I/O-and-branch instruction which type of interruption 
occurred. The ITB interruption should be serviced first. 

The ITB interruption occurs during receiving operations 
when the BSCA receives an ITB character if the block 
check characters indicate tiiat everything transmitted in 
that block was received correctly. When the ITB interrupt 
occurs, the program can store the contents of the trans- 
ition-address register to indicate the point at which data in 
the next block begins in storage. All the data up to (but 
not including) this address is data that is to be processed. 
The status bytes cannot be sensed during an ITB interrupt 
because the bits in the status bytes apply to the data being 
received, rather than to the data that has been received 
(for ITB operation only). 

Op end interruptions occur at the end of all the functions 
controlled by the N code. In addition, the two-second 
timeout causes an interruption two seconds after the CPU 
issues an SIO control instruction with a control code that 
specifies start two-second timeout. Op end interruption 
routines usually sense the status byte to determine the 
status of the last operation. The status bytes are valid for 
op end interrupts because no data is transferred between the 
interrupt request and the interrupt routine. 
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Because the communications adapter continues to receive 
data from the remote station during ITB interrupt routine 
servicing, the program should sense the transition addbress 
register before the next ITB character is received. The 
proce^ing time available is a function of the data rate of the 
data set used and the niunber of bytes in the next inter- 
mediate block. Allow extra time in the interrupt routine 
to account for time that may be required for CPU inter- 
ference caused by I/O cycle steals and by the occurrence 
of higher priority interrupts. 



Operation: The contents of the 2-byte field addressed by 
the operand address are placed in the register specified by 
the Q byte. The operand is addressed by its rightmost byte. 

The Q byte contains a device address (always 8 for the 
communications adapter) in the high-order four bits» an 
M bit, and an N code (bits 5, 6, and 7), The N code 
specifies the register to be loaded as follows: 

A'' Code Register 



TwoSecoruJ Timeout: This SIO control code function is 
provided to obtain a two second delay before the trans- 
mission of TTDor WACK, The start two-second timeout 
must be given only with the Q code control function. When 
the timeout is completed, an interrupt is generated. The 
BSCA is not busy when doing a two-second timeout. It 
can be aborted by giving any SIO with the control code 
specifying cancel two-second timeout. A previously issued 
start two-second timeout must be aborted if an SIO non- 
control instruction is to be issued. The start two-second 
timeout instruction must not be issued while the adapter is 
in the busy state. 

The BSCA need not be enabled to complete the two-second 
timeout operation with an op end interrupt. 



Enable- Disable Step and Test Modes Functions: These are 
diagnostic functions useful to the customer engineer but 
of no interest to the problem programmer. 



000 


Invalid 


001 


Stop-address register 


010 


Transition-address register 


oil 


Invalid 


100 


Current -address register 


101 


Invalid 


110 


Current -address buffer 




(For diagnostic procedures only. Should not be 




in user's program.) 


111 


Invalid 



If a load I/O instruction is issued to the communications 
adater when the adapter is busy, the processing unit will 
not accept the load I/O instruction until the busy condition 
no longer exists. If the dual programming feature is in- 
stalled, a load 1/0 instruction issued to the communications 
adapter when the adapter is busy causes an automatic pro- 
gram level advance. 



Enable-Disable BSCA Control Functions: The enable BSCA Test I/O and Branch 

function causes the communications adapter to become 

operable and allows it to connect to the data set and per- Mnemonic: TIO 

form data handling functions. At this point, the program 

should issue a TIO not ready test instruction. The disable 

BSCA function deconditions the adapter and disconnects ^ ^ 

,^ f . , ^ ^ Op Ctxto Q Bytfl 

it from the data set. 



Instruction Timing: Time in microseconds = 4^6 



-= BSCA 1 

1 = BSCA 2 



p 



Addrea 



Zl 


slr^l N 
1 1 





Load I/O 
Mnemonic: LIO 

Op Code Q Byte Operand Address 



Y1 



-^r-\ — 

8|M[ N 



0-BSCA 
1 - BSCA 



P 






Operation: The CPU tests for the conditions specified by 
the Q byte. If the specified condition exists, the CPU 
takes the next instruction from the branch-to address and 
places the next sequential instruction address in the ad- 
dress recaU register. If the condition specified does not 
exist, the CPU issues the next sequential instruction and 
places the branch- to address in the address recall register. 
The address recall register is not changed untiJ the next 
decimal, insert-and-test-characters, or branch instruction 
is executed. 



IMO 



The Qbyte contains a device address (always 8 for the 
conmiunicalions adapter) in the high-order four bits, an 
M bit. and an N code (bits 5, 6, and 7). The N code 
specifies the condition to be tested as follows: 



NCode 


Condition Tested 


000 


Not ready /unit check 


001 


Op end interrupt 


010 


Busy 


Oil 


ITB interrupt 


100 


Interrupt pending 


101 


Invalid 


110 


New data (diagnostic only) 


ill 


Invalid 



Not ready means either (1) data terminal ready off, (2) 
ACU power off, (3) external test switch on and test mode 
disabled, or (4) data set ready latch off (non-switched or 
multipoint network). 

The communications adapter becomes busy under different 
conditions, depending upon the kind of operation that is 
being performed. For all operations except receive initial, 
the adapter becomes busy as soon as the start I/O instruc- 
tion is accepted; it remains busy until the operation ends. 
For receive-initial operations, the following conditions 
cause busy; 



Operation: The CPU tests the conditions specified by the 
Q byte. If the specified condition exists, systems with the 
dual programming feature installed advance the program 
level and continue processing. If the specified condition 
does not exist, the next sequential instruction is executed. 
In systems without the diral programming feature installed, 
the processing unit loops on the advance program level 
instruction until the condition specified by the Q byte 
does not exist. 

The Q byte contains a device address (always hexadecimal 
8-binary 1000-for the communications adapter) in the 
high-order four bits, an M bit, and an N code (bits 6, 7, 
and 8). The N code specifies the condition to be tested as 
follows: 



NCode 


Condition Tested 


000 


Not ready /unit check 


001 


Op end interrupt 


010 


Busy 


Oil 


ITB interrupt 


100 


Interrupt pending 


101 


Invalid 


no 


New data (diagnostic only) 


111 


Invalid 



1. In a point-to-point non-switched network, the adapter 
becomes busy as soon as the adapter establishes char- 
acter synchronization with the remote station. 

2. In a point-to-point switched network, the adapter 
becomes busy as soon as the data set indicates that 
it has received a call. 

3. In a multipoint network, the adapter becomes busy 
when it recognizes its own address in control mode. 

Unit check usually means that one of the status bits in 
status byte two is on (see "Sense 1/0** in this section). 



Sense I/O 

Mnemonic: SNS 

Op Ccxie Q Byts Operand Address 



YO 


81 Ml N 
1 1 





0-BSCA 1 
1 - BSCA 2 



P 




Advance Pro-am Level 
Mnemonic: APL 

Opcode QByte 



F1 



—I — I 

8|M| N 

I— I 



= BSCA 

1 = BSCA 2 



V 



Not Used 



Operation: The contents of the register or the status 
data specified by the Q byte are stored in the two-byte 
field addressed by the operand address. The operand is 
addressed by its rightmost byte. 

The Q byte contains a device address (always hexadecimal 
8 for the communications adapter) in the high-order four 
bits, an M bit, and an N code (bits 5, 6, and 7). The N 
code specifies the register or status data to be stored as 
follows: 
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A^ Code Register or Status Data 

000 Diagnostic (only) 

001 Stop-address register 
DID Transition-address register 
Oil Status bytes 

100 Current-address register 

101 Invalid 

1 10 CRC/LRC buffer (diagnostic only) 

1 1 1 InvaHd 



The diagnostic and CRC/LRC buffer functions are used by 
the customer engineer for servicing the adapter. They are 
of no interest to the problem programmer. 



The status bytes are bit -significant as illustrated in Figure 
11-4. Byte 1 is stored in the storage location addressed by 
the operand address; byte 2 is stored in the next lower 
storage location. 

The timeout bit is turned on by either of two conditions: 

1 . Character synchronization is not established within 
3.25 seconds from the start of a receiving operation. 

2. An automatic call operation is terminated by an 
abandon-call-and-retry signal from the automatic 

calling unit. This indicates that the call was not 
answered. 

Any non-control start I/O instruction resets the timeout bit. 



Byte 


Bit 


Meanins When Set to 1 


Reset Off By 


— - — 1 




1 

2 

3 
4 

5 


\ Notasslgnad. 






6 


Data set ready. This indicates that the data set 
is ready to operate and that the BSCA has been 
enabled. 


Data set losing its ready state or BSCA 
disabled state. 


1 


7 


Data line occupied. This bit is used on a switched 
network when the BSCA is equipped with the 
auto call feature. This bit indicates that the data 
line is busy and that any SIO auto call or SIO 
receive Initial instruction will be rejected. These 
instructions should not be issued when in an 
Interrupt routine with the data line occupied. 


Data line becoming not busy. 


2 





Timeout status. 

B. A receive timeout occurred during a receive 

operation with the adapter in the busy state. 
b. An auto call operation was terminated by 

an abandon call and retry signal from the 

ACU (auto calling unltt, indicating that a 

connection was not established. 


Any non-control SIO. 


2 


1 


Data check during receive operation. 

a. A BCC compare check occurred (EBCDIC). 

b. A VRC check occurred (ASCII). 

{Note: Characters having VRC checks are 
distinguished by a high-order bit in core 
storage. These characters are never 
recognized as control charactesrs by the 
BSCA.) 


Any non-control SIO. 


2 


2 


Adapter check during transmit operation. 

a. DBI register parity check. 

b. I/O cycle steal overrun. 

c. LSR or shift register parity check. 

d. Transmit control register check. 

Adapter check on transmit terminates the 
operation and causes an immediate op end 
interrupt. 


Any non-control SIO. 



Figure 1 M. BSCA Status Indications (Part 1 of 2) 
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Byte 


Bit 


Meaning When Set to 1 


RwetOffBy 


2 


3 


Adapter check during receive operation. 

a. DBI register parity check. 

b. I/O cycte steal overrun. 

c. LSH or shift register parity check. 

Adapter check on receive does not terminate 
the operation. 


Any non-control SIO. 


2 


4 


Invalid ASCII character. (A byte fetched 
from core by an adapter using USASCH code 
contained a 1-bit in the high order bit position.) 


Any non-control SIO. 


2 


5 


Abortive disconnect- Indicates BSCA on 
switched network was enabled, then the data 
set became ready, then not ready, This 
indicates the connection has been released 
and causes data terminal ready to turn off. 

The program must allow enough time for a 
forced disconnect (BSCA-controlled) to occur 
The program can use the two-second timeout 
to ensure this. 


SIO disable BSCA. 


2 


6 


Disconnect timeout. Indicates disconnect time- 
out occurred on a switched network. Disconnect 
timeout causes data terminal ready to turn off. 
{May not apply to systems using the IBM remote 
job entry program.! 

Note: The program must perform a disconnect 
operation. 


SIO disable BSCA 


2 


7 


Not assigned. 




A/ote: When a SNS transition or SNS stop registGr Instruction Is executed, it is 
possible tor an LSR, S register, or DBt register parity check to occur. This can 
result in a unit check. Under this condition, the byte 2 status bits may all be 
zero. 



Figure 1 1-4. BSCA Status Indications (Part 2 of 2) 



In a switched network, the disconnect-timeout status bit 
turns on if no heading, text, response, or control trans- 
mission occurs from either station for twenty seconds. A 
start I/O disable BSCA instruction resets this bit. The 20- 
second disconnect timeout function can be disabled by the 
customer engineer at installation time at the customer's 
request (for example, for those installations using the IBM 
remote job entry — RJE- control program). 

The data-set-ready condition status bit is set on when the 
data set ready signal is detected and latched on. The bit is 
turned off if data set ready comes on and then turns off 
or if the communications adapter is disenabled. 

The data-line-occuped status bit turns on when the auto 
calling unit signals that the data line is occupied. When 
this bit is on, a start I/O auto call instruction or start 1/0 
receive -initial instruction will not be accepted until the line 
is unoccupied- No Start I/O auto call or receive initial 
instructions should be issued in an interrupt routine when 
this bit is on. 



Programming Notes: When the disconnect-timeout bit is 
on, the BSCA has automatically performed a disconnect 
operation. 

When a sense I/O transition-address register or sense I/O 
stop-address register instruction is executed, a BSCA de- 
tected adapter check condition can occur, causing a unit 
check indication, If this happens, it is possible that none 
of the byte 2 status bits will be on. 




BSCA OPERATIONS 

The BSCA controls all operations on the communication 
line through a combination of instructions in the System/3 
processor and the automatic controls initiated by line con- 
trol characters and sequences. Figure 1 1-5 is a basic flow- 
chart of a suggested generalized routine to place the BSCA 
in operation 
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c 



START 



) 



Issue SIO Control Instruction 
Co Enabte BSCA and 

Enable Interrupt 




Not Reedy 

or 

Unit Check 



Make BSCA Resdy or 
Correct Unit Check 



Resdy 




Gufiy 



PcHorm Other Proc&tting 



Load 

Current Adc*rc« Registfrr 



Current §ddresi registef = norage address of f irii char&cter 
to b© moved to the BSCA for trenBmlsslon (inclucftng 
framing charactarvl. 



Load 

Transition Address Re;^ster 



Transition address ragvcter =- current address register + the 
numb&r of character! to ba transmitted from storage (in- 
cluding framing char&ctert). 



Load 

Stop Addres Register 



Stop addratt ragiiter « transition addre^a regifiter + the maximum 
numtof of chAractera you expect to recerva. For transmit only 
operational ttop addreia register = transition address reginer. 



IisubSIO fn«truction 
Specifying Operation 
to be Parformed 



f End of Routine J 



Figure 11-5. I ailiatm^ Action in BSCA 
1M4 



Enable/Disable BSCA 



Initialization Sequences 



Enable BSCA sets on the data terminal ready line to the 
data set; disable BSCA sets off the data terminal ready line 
and resets the BSCA. Power-On reset or system reset or 
IPL will also set off the data ternnJnal ready line and reset 
the BSCA. 

Since data terminal ready controls switching the data set 
to the communications channel, enable BSCA is a pre- 
requisite to establish a switched network connection. Dis- 
able BSCA is used to disconnect from a switched network. 
Sufficient time must be allowed for the data set to discon- 
nect from the switched network before the program again 
enables BSCA. The two-second timeout may be used to 
assure this. 



Auto Call Operation 

At the calling station, data terminal ready must be on when 
the SIO auto call instruction is issued. Auto call should be 
issued as soon as possible after enable BSCA to avoid the 
possibility that another call comes in. 

Prior to giving the auto call instruction, the current address 
register and stop address register must be set up with LIOs 
to point to the number to be dialed. The stop address 
register must be set to the initial current address plus the 
number of digits to be dialed. The auto call instruction is 
executed by transferring bytes to the ACU at a data rate 
controlled by the ACU. Only the four low order bits in 
each byte from core are sent to the ACU- The transfer is 
on a cycle steal basis from the location specified by the 
current address register which is updated by plus one each 
cycle steal. This continues until the current address register 
is equal to the stop address register. At this point the 
adapter waits for the ACU to signal that the connection has 
been established or that the call has been aborted. 

An interrupt with no error condition indicates that a con- 
nection has been established. If the timeout status bit is on 
(call aborted due to abandon call and retry signal from 
ACU), the program should retry the operation after dis- 
abling the BSCA for two seconds. 

The SIO auto call instruction will be rejected and the I/O 
attention indicator set if the ACU power is off or data line 
occupied is on. 

When the reject condition is removed by the operator, the 
SIO auto call will be accepted and the I/O attention indica- 
tor will be reset. 



Initialization sequences are defined in the ESC Gl manual 
and are transmitted by the transmit and receive instruction. 
Receive initial instruction is defined for receiving initial 
sequences. The Receive initial operation is dependent on 
the data link (Pt-to-Pt Non-Switched, Pt-to-Pt Switched, or 
Multipoint) selected by the customer. 



Receive Initial Operation (Pt-to-Pt Non-Switched) 

On a non-switched network, SIO receive initial causes the 
BSCA to hunt for sync. When character sync is established, 
the adapter sets busy, receive timeout then becomes effec- 
tive, and the following sequence (starting with the first 
non-SYN character) is stored in the core area specified by 
the current address register. The stop address register 
should be loaded with the initial current address plus the 
maximum number of characters to be received. The opera- 
tion is terminated and an interrupt generated when a 
change of direction character is received, the current 
address and stop address become equal, or a receive time- 
out occurs. 



Receive initiai Operation (Pt-to-Pt Switched) 

On a switched network, SIO receive initiaJ conditions the 
BSCA to set busy as soon as data set ready comes up with 
the call- Receive timeout becomes effective and the BSCA 
attempts to establish sync. 

When character sync is established, the following sequence 
of received character (sUrting with the first non-SYN 
character) is stored in the core area specified by the cur- 
rent address register. The stop address register should be 
loaded with the initial current address plus the maximum 
number of characters to be received. As above, the opera- 
tion is terminated and an interrupt generated when a 
change of direction character is received, the current 
address and the stop address become equal, or a receive 
timeout occurs. In the case of a receive timeout, the 
recovery procedure is to issue the SIO receive only instruc- 
tion. 

Receive initiai Operation (Multipoint Tributary) 

SIO receive initial is used to receive polling and selection 
sequences on a multipoint network- The stop address 
register should be loaded with the initiaJ current address 
plus one less than the maximum number of characters in 
the polling/selection sequence. . A two-character station 
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address is used. For this operation, the low-order (right- 
most) byte of the txansition address register must be 
loaded with the station address. The EBCDIC "2" bit or 
the ASCII "6" bit of the first station address character 
received is disregarded; however, both characters of the 
address received musi be identical. 

For example, assuming EBCDIC code, if the transition 
address register is loaded with either XB or XS, the 
adapter will recognize either BB or SS as the station address. 
The hi^ order byte in the transition address register is not 
used. 



Transmrt and Receive Operation 

The SIO transmit and receive instruction is used for any 
type of transmission, i.e. control sequences or text data. 
It sets the BSCA to transmit mode where it takes charac- 
ters from core and transmits them onto the line. BCC 
accumulation, data mode, and transparent mode are set 
dependent on the type of line control characters fetched 
from core. Transmission proceeds until current address 
register equals the transition address register which turns 
the adapter around to receive mode under the same instruc- 
tion. 



The basic mode of the BSCA in this operation is monitor 
mode. In this mode, the BSCA hunts for sync. With char- 
acter sync established, it monitors the line. AJl line con- 
trol characters are decoded and the respective fimctions 
are executed, but data is not passed into core. When a 
valid EOT sequence is received, control mode will be set. 

In control mode the BSCA monitors for its station address. 
If it is not detected, the BSCA continues monitoring the 
line. The adapter leaves control mode if no change of 
direction character is received within the period of the 
receive timeout. A decoded SOH or STX will drop control 
mode and put the BSCA back into monitor mode. If the 
station address is decoded as the first non-SYN characters 
after establishing character sync in control mode, the 
BSCA will immediately enter addressed mode, set busy, 
and transfer the sequence starting with the second station 
address character into the core area specified by the 
current address register. The operation is terminated and 
an interrupt is generated when a change of direction char- 
acter is received, current address and stop address are 
equal, or when a receive timeout occurs. 



In receive mode, the BSCA hunts for sync and then stores 
the characters received into core. As in transmit, the 
detail function on receive is dependent on the particular 
line control characters received. 

The operation is terminated and an interrupt generated 
when an adapter check on transmit occurs, a change of 
direction sequence is received, the current address register 
equals the stop address register, or a receive timeout 
occurs. At this time, the unit check condition can be 
tested, and, if on, the status bits can be interrogated. 

The reason for this combined transmit and receive instruc- 
tion is the required fast response between the two opera- 
tions. The effect of the ciurent address, transition address, 
and stop address on the control sequences or text data is 
shown in Figure 1 1-6. 



Current 
Address 



Transition 
Address 



TSM 



Stop 
Address 



REC 



K 



Interrupt 



Auto Answer Waft Operation 



Figuie 1 1-^. I/O Area and Address Register Contents at Start of 
Transmit and Receive Operation 



The auto answer wait function requires the foUowing 
programming support. After BSCA is enabled, an SIO 
receive initial instruction with intenupt enabled should be 
issued and then the program can be stopped by a halt 
instruction. The CPU use meter will then stop. When the 
call is answered, busy will be set, causing the CPU use 
meter to commence running. The op end interrupt will 
take the CPU out of the halt instruction to the BSCA 
interrupt routine which must take the necessary program- 
ming action, e.g., change the halt to a jump on condition, so 
that the main line program will start when the interrupt 
routine is exited. The CPU use meter wiU then continue 
running until normal job termination. 



The transmit and receive instruction is used at both the 
master and the slave, i.e. to send data and receive the reply, 
and to send the reply and receive data. 

The current address specifies the beginning of the combined 
transmit-receive field and is updated by plus one on each 
cycle steal. The transition address register specifies the 
beginning of the receive field and must be loaded with the 
initial ciurent address plus the number of characters to be 
transmitted. The stop address register specifies the end of 
the transmit and receive field and should be loaded with 
the transition address plus the number of characters to be 
received. 
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The current, transition, and stop addresses are unrestricted 
two byte addresses, except that a zero length transmit 
field is not permitted. There is no maximum restriction in 
block length, i.e. current, transition, and stop addresses. 
Each is a sixteen bit address. If the stop address is equal 
to the transition address, the instruction becomes a trans- 
mit only operation. 

At the start of the transmit and receive operation, the 
adapter sends one hexadecimal "55" character (two addi- 
tional hexadecimal "55** characters if the Internal Clock 
Feature is installed), and two SYN characters. During 
transmit, the BSCA inserts the sync pattern, SYN SYN, at 
every transmit timeout. SYN is not accumulated in the 
BCC and does not enter core, BCC compare takes place 
when an ITB, ETB, or ETX is received. 

If the adapter has entered the data mode by receiving an 
STX or SOH, then onJy ETB, ETX, and ENQ are considered 
valid change of direction sequences. Outside of data mode, 
all turnaround sequences are considered valid change of 
direction sequences and will terminate the operation. 

Busy stays on with the transmit and receive instruction 
throughout both sections of the operation until interrupt 
occurs. Interrupt occurs before the stop address is reached 
if a change of direction sequence is received. 



ITB Operation 

The lUS/US character is interpreted as the ITB control 
character to activate the ITB function. The master sends 
the BCC(s) after the ITB, the slave receives and compares 
it, and both stations continue transferring more data 
immediately thereafter with no line turn-around. 

For non-transparent data, the master can (1) transmit all 
ITB blocks in a single transmit and receive instruction or 
(2) transmit each FTB block in a transmit only instruction 
as described for transparent ITBs in the next section. 

When the slave receives an ITB character, the address plus 
one of where it is stored in core is loaded in the transition 
address register. After the BCC comparison has been made, 
and if no errors have been detected, an ITB interrupt occurs. 
The adapter remains in a busy state and proceeds to receive 
the next ITB block. The interrupt program, finding the 
ITB interrupt latch on, stores the transition address register 
and processes the ITB block just received. Status bits are 
not sensed as they will apply to the subsequent block 
being received. Whenever a BCC error occurs, the BSCA 
withholds the [TB interrupt for the ITB containing the 
error and for all the subsequent intermediate blocks, and 
stops sending data to storage. This continues until a change 
of direction code is recognized. When the ending sequence— 



ETB, ETX, or ENQ-is received, it is stored in core and an 
op end interrupt occurs. At this time the program checks the 
status bits to determine the appropriate reply. 

Transparent Operation 

In transmitting and receiving data, transparent mode is set 
by the contiguous sequence DLE STX. In transparency, 
the transmitting adapter automatically inserts a second 
DLE preceding each DLE from core (except DLE STX), 
which will be stripped by the receiving BSCA. The addi- 
tional DLE will not enter BCC accumulation. 

Either ETB, ETX, ITB, or ENQ ends transparent mode at 
the master if it is at a location one less than the transition 
address. Due to this coincidence, the master BSCA inserts 
a DLE so that the single DLE followed by ETB, ETX, ITB, 
or ENQ tells the slave to leave transparent mode. This 
DLE is stripped by the slave and is not included in the 
BCC at either station. 

The use of the transition address to point at the control ETB, 
ETX, or ENQ allows replies to transparent data to consist of 
any number of characters. Limited conversational operation 
is possible in transparent as well as non-transparent mode. 



Each ITB block of transparent data must be transmitted 
with its own transmit and receive instruction. No turn- 
around takes place after the ITB and the adapter inserts at 
least two SYN characters (more, if necessary), until the 
next transmit and receive is issued or until three seconds 
elapse. During this period the adapter is not in a busy 
state. Every ITB block must start out with DLE STX to 
again set transparent mode. 



Disconnect Operation 

The program can perform a disconnect operation on a 
switched network by giving an SIO disable BSCA instruc- 
tion, which drops the data terminal ready line to the 
modem. It should previously transmit a DLE EOT sequence 
with a transmit and receive instruction to inform the 
other station that it is going "on-hook". A received DLE 
EOT sequence should cause the slave station program to 
perform a disconnect operation. 

If the 20-second discormect timeout function has not been 
disabled, (for example because the IBM RJE control 
program is being used), data terminal ready is also dropped 
by the disconnect timeout which occurs when there has 
been no header, text, response, or control transmission on 
the line for 20 seconds. 
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Sufficient time must be allowed for the disconnect to 
occur before the program again enables BSCA. The two- 
second timeout may be used to assure this. 



Recarve Operation 

The S!0 receive instruction is defined for use when it is 
necessary to perform a receive operation after termination 
of the pM:evious instruction, such as when a receive timeout 
has occurred. The operation is the same as the receive part 
of the transmit and receive operation. The BSCA is busy 
for the entire operation. 

This instruction must be used as a result of a receive time- 
out during a receive initial operation on a switched network. 



Two Second Timeout 

This SIO control code function is provided to obtain a two 
second delay before the transmission of TTD or WACK. The 
start two second timeout must be given only with the Q- 
code function "control". When the timeout is completed, 
the BSCA generates an interrupt. The BSCA is not busy 
when doing a two-second timeout. It can be aborted by 
giving any SIO with the control code specifying cancel two- 
second timeout, A previously issued start two^second time- 
out must be aborted if an SIO non-control instruction Is to 
be issued. Start two-second timeout must not be issued if 
the adapter is in the busy state. 

The BSCA does not need to be in the BSCA enabled state 
to perform the two-second timeout operation. 



Testing and Advancing Program Level 

The TIO and APL instructions can be given at any time to 
test the following conditions: 

Not ready/unit check 

Busy 

ITB interrupt 

Op end interrupt 

Interrupt pending 

New data 



Not ready means either: (1) data terminal ready off, 
(2) ACU power off, (3) external test switch on and test 
mode disabled, or (4) data set ready latch off (non-switched 
multipoint). 



Unit check means that one of the status bits in byte 2 is 
on. When an SNS transition or SNS stop register instruc- 
tion is executed, it is possible for an LSR, S register, or 
DBI register parity check to occur resulting in a unit check 
condition. Under this condition the byte 2 status bits may 
all be zero. 

Busy means the BSCA is executing a: (1) receive initial, 
(2) transmit and receive, (3) auto call, (4) receive, or 
(5) loop test (diagnostic) instruction. 

Interrupt pending means that either ITB interrupt latch or 
op end interrupt latch is on. 1TB interrupt and op end 
interrupt are used to determine the type of interrupt that 
has occurred and are reset off when tested by TIO/ APL. 



Loading the Registers 

LIO is used to load the cunent address register, transition 
address register, and the stop address register. 



Sensing 

SNS is used to store: (1) the current address register, 
(2) transition address register, (3) stop address register, 
(4) diagnostic bits, (5) CRC/LRC buffer, and (6) status 
bits. 



Data Checking 

As the remote station transmits messages, it generates block 
check character(s) from the data bits transmitted. As 
these bits are received at the local system communications 
adapter, the communications adapter generates a similar 
block check character from the data bits it receives. 
Each time the remote station transmits an ITB, ETB, or 
ETX character, it also transmits its block check character(s). 
The local communications adapter compares these block 
check character(s) that it receives from the line with the 
block check character(s) that it has generated from the 
data bits it has received from the line. If the block check 
character(s) generated by the local communications adapter 
do not match the block check character(s) received from 
the line, the CRC/LRC/VRC status bit is set. While 
servicing the interrupt resulting from an ETB or ETX 
character, the program must sample the status bits and 
determine if the block check characters match each other. 
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If the interruption is the result of an ETB or ETX character, 
the result of the block check compare determines which 
response character should be sent. The positive acknow- 
ledgement characters alternate; ACK being transmitted 
in response to even-numbered blocks and ACKl being 
transmitted in response to odd-numbered blocks. The 
program is responsible for transmitting the correct positive 
acknowledgement. The first block of text transmitted is 
always considered an odd-numbered block. If the wrong 
acknowledgement character is returned, the master station 
assumes that a block of data or heading was missed and 
initiates an error recovery procedure. 

When block checking is initiated by 1TB, the result of the 
block check compare is not transmitted immediately. 
Instead, if the block check compare is equal, the commun- 
ications adapter continues to receive and store character. 
If the block check is incorrect, no more data is stored, no 
more ITB interruptions are generated, and the VRC/LRC/ 
CRC status bit is set on to indicate that a block check non- 
compare occurred. When the next ETB or ETX character i? 
received, it is stored and an interruption is generated. The 
status bits are sensed and tested to determine if all data 
was received correctly. An ENQ character also terminates 
the receive operation. 



System and Error Statistics 

The user program should accumulate the following infor- 
mation for each BSCA as a diagnostic aid. These counters 
should be logged to disk storage at close time (disk systems 
only). 



Transmission Statistics 

1 . A count of data blocks transmitted successfully, as 
proven by the receipt of valid affirmative responses. 

2. A count of data blocks that result in a negative 
response from the slave. 

3. A count of invalid or no-response replies to trans- 
mitted data blocks and to following ENQ control 
characters. 

4. A count of slave station terminations (EOT in Lteu of 
normal response to text). 

5. A count of adapter checks on transmit operations. 

6. For System/3 multipoint control station applications, 
a count of transmissions and transmission errors for 
each terminal on the multipoint network. 



The lost data check is a program function. When CAR= 
SAR and a valid ending character have not been received, 
a lost data error is indicated. 



Suggested Error Recovery Procedures 

At the end of every Iransmit and/or receive operation, the 
program should test the BSCA for a unit check. If a unit 
check is detected, the program should sense the BSCA for 
status bytes. Test the status bits and perform the proce- 
dures for recovering from the error in the order given in 
Figure 1 1-7. The program must check for lost data 
and analyze the last two characters received to detect 
an abnormal response error. 



Reception Statistics 

1. A count of data blocks received correctly. 

2. A count of data blocks received with BCC (or VRC) 
errors. 

3. A count of ENQ characters received in message trans- 
fer state as a request from the master station to 
transmit the last response. ENQ as response to a 
transmitted WACK should not be included. 

4. A count of master station forward aborts (TTD/NAK 
EOT sequences). 

5. A count of adapter checks on receive operations. 
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Priority 

1 


Status 


Error 
Condition 

Invalid ASCII 
Character 


Error Recovery Procedure 
(Recommended Program Action] 

All Caies-Action 1 


Byte 

2 


Bit 

4 


2 


2 


5/6 


Abortive Dis- 
connect or 
Disconnect 
Timeout 


All Cases-Action 1 


3 


2 


2 


Adapter Check 
on Transmit 


Control Mode— Action 5 
Slave— Action 4 
Master-Action 3 


2 


3 


Adapter Check 
on Receive 


Control Mode-Action 5 

Slave— Action 4 
Master-Action 3 


4 


2 





Timeout 


Receive Initial 
(Switched)— Action 8 
Auto Call or 
Control Mode^Action 6 
Slave— Action 4 
Master-Action 3 


5 


2 


1 


CRC/LRC/VRC 


Control Mode— Action 5 
Slave-Action 2 
Master-Action 3 


Proflrerm 
Detected 

Error* 


Lost Data 
jCAR-SAR 
on Receive) 


6 


Program 
Detected 
Error^ 


Abnormal 
Response 


Control Mode- Action 5 

Slave: Absence of initial STX or 
temninal ETB/£TX-Action 4 

Master: Improper AC K immed- 
iately preceded by timeout- 
Action 6 

Master: Any response other than 
proper ACK or EOT- Act ion 7 


ACTION TABLE: 

1. Permanent ^rror,..,OpBr8tor resi^rt. 

2- T&R NAK„..dBtfl N times when a conirol ffiation. 

X T&R ENQ....last response N times. 

4. Issue receive portion of previous operation N times. 

5- Polling or selection sequence..., retry polling or selection of failing station 

L times after sending an EOT sequence to ensure control mode at tha 

tributary siartions. 

Other than polling or selection sequence.. ..retry last operation M times. 

6. T&R last text- This is an Intermediate acrion within a recovery procedure j 
it is taken by the master each time rt transmits text, times out on revelve, 
transmits ENQ, and receives the improper ACK. A system hangup will 
not occur because of the limitation on Action 3. 

7. T&R ENQ once. If response in NAK, do Action 6 N times. If invalid 
response reoccurs, do Action i, 

8. Issue SIO reve'rve ir^truction. 

The value L should be a minimum of 3. 

The value M should be equal to or greater than N. 

The value N should be a minimum of 7. 

When L, M, or N is reached {permenent error) the program should abort the 
job and tell the operator the neture of the error condition by some means 

(such as the halt identifier), Operator inteivention is then required and the 
procedure is either to completety restart the job or to continue with the 
next job. 

f^ote: A processor check stop causes a hard stop, 
•The program should provide loit data detection. 



Figure U-7. BSCA Error Co ndilioas and Recovery Procedujes 
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IBM 1270 Optical Reader Sorter 

OBM 1270 is not offered in U.S.A.) 



The IBM 1270 Optical Reader Sorter reads OCR characters 
from paper documents and transmits them to the CPU. 
A discussion of the capabilities, characteristics, and 
operations of the 1270 optical reader sorter can be found 
in IBM System/360 Component Description - IBM 1270 
Optical Reader SorterXGA\9-0035). 



4. The device identiGcation assigned to the 1270 is 
001 1 . The fact that the 1270 is the device attached 
to the SIOC can be detected by the sense I/O 
instruction sensing the I/O transfer lines. Bits 
through 3 of the high-order sense byte stored by this 
instruction contain the device identification. For 
the 1270 bits and 1 will be and bits 2 and 3 will 
bel. 



OPERATION 

The 1270 attaches to the system SIOC and operates 
through the instructions issued to the SIOC. The exact 
fonn of these instructions is discussed in the SIOC chapter 
of this manual. 



5. A start I/O instruction must be issued to enable inter- 
rupts for the SIOC. The 1270 requires that process- 
ing for the documents be performed within specified 
periods of time to provide correct processing. The 
1270 causes an interrupt at the end of every docu- 
ment, and this interrupt must be enabled to allow 
processing to commence. 



General Programming Requirements 

In addition to the instructions which actually control 
functions of the reader, the foUowing items must be 
handled in a specific manner in order for the 1270 to 
operate with the SIOC. 

1 . Before executing the instructions that cause the 
reader to operate, the function register of the SIOC 
must be loaded by a load I/O instruction. The two 
bytes loaded must contain a 1 in bit 5 of the high-order 
byte and a 1 in bit 6 of the low-order byte. All other 
bits in these bytes must be 0. 

2. The length count register must be [oaded by a load 
I/O instruction issued to the SIOC. The number to 
be loaded into the register is 256 minus the number 
of bytes to be read from the 1 270. This operation 
must be performed before each read instruction. 

3. The SIOC data address register must be loaded with 
an address before reading occurs for each read 
operation. This address designates where in storage 
the data read from the document is to be stored. 
The address must be the address of the low-order 
(rightmost) byte of the data field. This register 

is loaded with a load I/O instruction. 



Feeding Documents 

The engage command starts the flow of documents if the 
1270 is online and is in a ready-to-feed state. 

A disengage command stops document feeding by stopping 
the separator. Document feeding also stops whenever 
the CPU is stopped. The foUowing 1255 conditions also 
stop or inhibit document feeding: 

1. The separator stops feeding documents but the 
transport continues to run whenever: 

a. The start key is being held down. 

b. The stacker is full. 

c. No valldity-check-and-readout key has been 
pressed. 

2. The transport mechanism stops because of: 

a. Stop key depression 

b. An empty hopper 

c. A feed jam 

d. A transport jam 

e. A sort check 

f. An interlock 
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When the 1270 is online and not-iead-to-feed, the engage 
command is stored in the 1270 so that the actual docu- 
ment feeding starts as soon as the 1270 becomes ready -to- 
feed again. 

If a disengage instruction is issued when the 1 270 is online 

and not ready-to-feed, no documents are fed when the 1270 
is returned to the ready-to-feed state. 

The system call Ught on the 1 270 operator panel indicates 
that the program calls for document feeding. 

The engage command is issued by executing a start I/O 
instruction for the SIOC with an N code of 100, and a 
control code of 00000001 . The disengage conmiand is 
issued by a start I/O instruction with an N code of 1 00 
and a control code of 00000010. 

Note: An engage instruction immediately followed by a 
disengage instruction causes single-document feeding. 

Retrieving Data From Documents 

A start 1/0 instruction specifying read retrieves data from 
documents passing through the 1 270. A read command 
must be issued for each document before that document 
reaches the read head. Failure to issue the read command 
in time results in the document being rejected by the 1 270 
and a signal (autoselect) being provided for program inter- 
rogation. 

Validity-check-and-readout keys on the 1270 operator 
panel select the data to be transferred to system main 
storage. The first character transferred from the 1270 
enters storage at the address designated by the SIOC data 
address reg;ister. Subsequent characters enter successively 
lower storage locations. 

The read operation is terminated either at the end of each 
document or when the specified number of characters to 
be read (as initially loaded into the SIOC length count 
register), have been transferred, whichever occurs first. 
At the end of a read operation the SIOC requests an in- 
terrupt to process the data and select the appropriate 
stacker (pocket) for that document. 



The stacker select command must be issued within 24 
milliseconds after the document to be selected leaves the 
read head. If a stacker select command has not been Issued 
within this time, a sort check occurs, the 1270 rejects the 
document, and the 1270 stops after all documents in the 
transport have been directed to the reject stacker. 

The sort check light on the 1270 operator panel indicates 
the error to the operator and signals (Sorter-is-stopped and 
Autoselect) are provided for program interrogation. 



Tertnination of 1270 Operations 

The following rules must be observed in order to prevent 
non-recoverable 1 270 and/or system errors: 

- Do not stop the processing unit during 1270 online 
operations. 

- Do not switch from online mode to offline mode or vice 
versa during 1270 operations. 

- The 1270, when attached to the system, should be 
powered down only when there is no activity on the 
Serial I/O Channel interface. 

While System-is-stopped Ught (on the 1270 operator panel) 
is on there is no SIOC interface activity. 



INSTRUCTIONS 



Start I/O 



Mnemonic: SIO 



Op Code Q Byte 



Control Code 



.3 


OOlliQiN 





Operation: The reader performs the operation specified 
by the N code and the control code. 



Directing the Disposition of Documents 

Stacker select commands direct documents to the stackers 
in the 1270. These commands are generated by Start I/O 
instructions that load the I/O select register. 



The Q byte comprises a device address (always 001 1 for 
the reader) in the first four bits, an M bit of 0, and an N 
code. The N code in conjunction with the control code 
specifies the operation to be performed. The operations 
performed are: 
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NCode 


Control Code 


Operation 


000 or 
001 


0000000 I 


Reset interrupt request 
(performed by the SIOC). 


000 or 
001 


00000010 


Enable interrupt (performed 
by the SIOC). 


000 or 
001 


00000100 


Disenable interrupt (performed 
by the SIOC). 


000 or 
001 


OOOOIOOO 


Reset SIOC adapter, removing 
SIOC from busy state (per- 
formed by the SIOC). 


000 or 
001 


00010000 


Set interrupt request. 


001 


00000000 


Read I/O device. 


010 


00000000 


Invalid for 1270. 


Oil 




Control I/O. 


100 





Control I/O. 



NCode 100: 




Control Code Bit 


Operation 





Not used. 


1 


Select reject stacker 


2 


Not used. 


3 


Select stacker A. 


4 


Select stacker 9. 


5 


Select stacker 8. 


6 


I>isengage feed. 


7 


Engage feed. 



Not all the stackers indicated in these charts wilJ be available 
on a 6 pocket (6 stacker) 1270. A 6-pocket 1270 will be 
ordered with either stacker designations through 4 and 
R (for reject stacker) or with the even numbered stacker 
designations 0, 2, 4, 6, 8, and R. 



Load I/O 



Mnemonic: LIO 



The control I/O operations set the I/O select register to 
produce the desired operation. The following operations 
can be performed by each N code. 



N Code Oil : 




Control Code Bit 


Operation 





Select stacker 7 


1 


Select stacker 6 


2 


Select stacker 5 


3 


Select stacker 4 


4 


Select stacker 3 


5 


Select stacker 2 


6 


Select stacker 1 


7 


Select stacker 



op Code Q Byte 



Operand Addreis 



Yl 


1 1 
OOlllOiN 







"1 



Operation: The two bytes contained in the two-byte field 
addressed by the operand address are placed in the register 
designated by the Q byte. The operand is addressed by the 
low-order byte. 

The Q byte comprises a device address (always 001 1) in the 
high-order four bits, an M bit of 0, and an N code. The 
N code specifies the register into which the contents of the 
operand field are to be loaded. 
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NCode 

000 

001 
010 

oil 

100 
JOl 
110 

I]] 



Destination 

Invalid. 

I/O function register, 

SIOC length count register. 

Invalid. 

SIOC data address register. 

Data transfer register. 

Invalid. 

Invalid. 



Specification of an invalid N code results m a processor 
check stop with an invalid Q byte indication. 

The I/O function register must be loaded with the foUowing: 

High-Order Byte Low-Order Byte 

OOOOOIOO 00000010 

Sense 1/0 

Mnemonic: SNS 



Op Code Q Byte 



Operand Address 



1 YD 


oonioiN 


1 



Operation: The two bytes specified by the Q byte aie 
placed in the two-byte field addressed by the operand 
address. The operand is addressed by the low-order byte. 

The Q byte comprises a device address (always 001 1) in the 
high-order four bits, an M bit of 0, and an N code. The N 
code specifies the sense bytes or registers that are to be 
sensed. 



NCode 

000 
001 
010 

Oil 

100 
10] 

no 
in 



Senses 

Invalid. 

I/O function register. 
Length count register and status byte. 
I/O transfer lines and I/O identifica- 
tion. 

Data address register. 
Data transfer register and diagnostic 
byte. 
Invalid. 
Invalid. 



Specification of an invalid N code causes a processor check 
stop with an invalid Q byte indication. 

The status byte is stored as the high-order byte of its sense 
operation. The status byte is bit-significant, as follows: 



Stetwy Byte 
Bit 



1 
2 
3 
4 
5 
6 
7 



Meaning 

Spare. 

End request. 

Interrupt pending. 

I/O attention. 

Data transfer register parity check. 

No-op - 

Length count register overflow. 

I/O ready. 



The I/O transfer lines are bit significant as follows: 



High-Order Byte 
Bit 



1 
2 
3 
4 
5 
6 
7 



Meaning 

Will be 0* 
Will be 0* 
Will be 1* 
Waibe 1* 
Device attached 
Field 7 valid. 
Field 6 valid. 
Sorter is stopped. 



*If the device attached is an IBM 1270. 



Low-Order Byte 

Bit 


1 

2 
3 
4 
5 
6 
7 



Meaning 

Auto select. 

Field 5 valid. 

Field 4 valid. 

Field 3 valid. 

Field 2 valid. 

Field 1 valid. 

Document under read head. 

Document to be read. 



12^ 



I/O Ready 



Auto Select 



This condition indicates that the 1270 is selected for a 
read or write operation and is ready to transfer data. 



This line comes on whenever the 1 270 cannot allow a 
document to be stacker selected. 



I/O Attention 

The I/O attention condition indicates that normal operator 
intervention is required on the 1270. 

Normal operator intervention conditions are: 

1 . Stacker full 

2. Hopper empty 

3. 1270 stopped with the start hght on. 

4. Interruption of document feeding by keeping the 
start key pressed down. 

5. No validity-check-and-readout key isiin the depressed 
position. 

A jam that occurs in the separator area is indicated as an 
empty-hopper condition. 

Error conditions (feed-jam, transport, interlock and sort 
check) inhibit an I/O attention indication, but still indicate 
that the sorter is stopped. 



Sorter is Stopped 

This line is conditioned whenever document feeding has 
stopped because of a 1270 stop condition (except for 
disengage). It can be utilized to facilitate online 
reconciling of errors. This line is deconditioned by clearing 
and resetting the stop condition. 



Auto reject occurs because: 

1 . A read instruction has not been issued by the time a 
document reaches the read head. 

2. One of the following has been detected: 

a. special symbol sequence error 

b. hi/low codeline condition 

c. advance reject condition 

d. short document 

e. overlength document 

f. document spacing error 

Auto select comes on when the 1270 detects the error 
condition, and stays on until the first following document 
arrives at the read head. (Exception: In the case of a 
document spacing error, auto select remains on until the 
second following document arrives at the read head. 

The auto select condition is also set by a feed jam, trans- 
port condition, interlock condition or sort check condition- 

The condition will stay on for ali follow-on documents and 
will be reset by the first document arriving at the read head 
after enor recovery and machine restart. A stacker select 
instruction, other than reject, must not be issued for a docu- 
ment which is auto selected or a sort check will result. 



Field Valid 

Field Valid is signalled to the SIOC when the field is 
selected for transfer to the CPU by the validity check and 
read out keys and all the characters of the selected field 
including bracketing symbols are read and transferred to 
the processing unit without error. The field vahd lines 
are deconditioned when the leading edge of the next 
document is sensed at the read head. 



Document Under Read Head 

This hne is conditioned while there is a document under 
the read head. It can be used to determine if a document 
cleared the read head and if the read instruction has been 
terminated prior to the end of the document. A stacker 
select instruction must not be given before the document 
for which it Is intended has left the read head. 
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Document to be Read 

This line is conditioned from the time the separator starts 
feeding documents until the last document in flight (after a 
separator stop) has left Document Sensor 2 at the leading 
edge of the read area. 



Test I/O and Advance Program Level 

These two instructions operate on the SIOC even though 
they must be used when operating the 1270. See the SIOC 
chapter for a discussion of these instructions. 



The "Document to be Read" line is turned off. 



FEATURES 



• If a feed jam or transport jam has been detected. 

• If an interlock has been detected. 

• If a sort-check has been detected. 

• If there is no vahdity-check-and-readout key in a 
depressed state. 

Program should test for a document to be read before 
issuing a read instruction. When the document to be read 
line is active, further read instructions are necessary. 



Self -Checking Number 

For a description of how the self checking number checking 
is performed, see the 1270 Component Description manual. 
With this feature, if a self check number is incorrect, a read 
error has probably occurred and the field valid indicator for 
that field is not on. No special programming is involved 
with the self checking number feature. For other features 
see 1270 component description manual. 
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IBM 3410/341 1 Magnetic Tape Subsystem 



n 



— * 





The 3410/3411 Models 1, 2, and 3 tape subsystems read 
and write half-inch magnetic tape. The IBM 3410 Magnetic 
Tape Unit is a tape unit only; the IBM 341 1 Magnetic Tape 
Unit and Control is a tape unit and a control unit in the 
same frame. 

A 3410/341 i Magnetic Tape Subsystem is available in one 
of the following configurations for attachment to a System/3 
Model 10: 

• One 3411 Model 1,2, or 3 

• One 3411 Model 1, 2, or 3 and one 3410* 



One 341 1 Model 1, 2, or 3 and two 3410's 



V* 



One 3411 Model 1, 2, or 3 and three 3410's* 



* Same model number as the 34 11 
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PERFORMANCE SUMMARY 

Figure 13-1 shows the performance information for the 
3410/341 1 tape subsystem. 





Modal 1 


Modal 2 


Mode^a 


Tape Speed (In. /sec J 


12.5 


25 


50 


Intarblock Gap (IQG}* 
Length/Time (9-track) 
Length/Time <7-track} 


0.6 inch/48 ms 
0.75 inch/60 ms 


0.6 inch/24 ms 
0.75 fnch/30 ms 


0.6Jnch/12ms 
0,75 inch/15 ms 


Write Acc«is Time* • 


15 ms 


12ms 


6ms 


Read Access Time •• 


15 ms 


12 ms 


6ms 


Data Rate 
IBOObpl 
800 bpi 

556 bpl 
200 bpi 


20K bytes /sac 
lOKbytes/iec 
6.96K bytes/sec 
2.5K bytes/sec 


40K bytes/sec 
20K bytes/sBc 
13.9 Kbytes/sec 
5.0K bytes/sac 


80K bytes/sac 
49 K bytes/sec 
27-8 Kbytes/sec 
1 0K bytes/sec 


Tinrw per Byie 
1 600 bpi 
600 bpi 
556 bpi 
200 bpi 


50 us 

100 UB 

144 us 
4O0us 


25 us 
sous 
72 us 
200 us 


12.5 us 

25 us 
36 us 
TOO us 


Rewind Time (±10%) 


3 min (2400 ft) 


3 min (2400 ft) 


2 min (2400 ft) 


Reel Sizej (Inch) 


10.5,8.5,7,6 


10.5.8.5,7,6 


10.5,8.5,7.6 


Tape Threading 


Manual 


Manual 


Manual 


Tape Motion 


Tape is driven by a single capstan which is directly coupled to a 
iow-lnartia, high-torque, dc motor. 


Read/Write Head 


The chrome-plated, two-gap head is tocated in the left vacuum column. 


• An interblock gap is erased tape which separates blocks of date. 

• • Time given is for a 0.6 inch interblock gap. 
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Metric Equivalents: 



1600 bpi 
800 bpi 
556 bpi 
200 bpi 
50 in./sec 
25 in./sec 



63 bytes per nun 
31.5 bytes permm 
2L9 bytes per mm 
7.9 bytes per mm 
1270 mm per second 
635 mm per second 



12.5 inVsec 
0,6 inch 
0.75 inch 

6 inches 

7 inches 
8,5 inches 
10.5 inches 
2400 feet 



= 317.5 mm per second 

= 15.2 mm 

= 19 mm 

= 152,4 mm 

= 177.8 mm 

= 216 mm 

= 266.7 mm 

= 732 meters 
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SPECIAL FEATURES 



Dual Density Control Feature 



Each 3410 and 341 1 tape unit must be equipped with a 
special feature that specifies the read/write format desired. 
The features are: 

• Single Density 

• Dual Density 

• Seven-track 

Any tape unit in the subsystem (a 34 II or an attached 
3410) can be equipped with either the dual-density feature 
or the seven-track feature, but not both. 

A subsystem can have the following combination of features: 

• Each tape unit has the single density feature. 

• Each tape unit has the dual density feature. 

• Each tape unit has the seven-track feature. 

• Some tape units have the single density feature; some 
have the dual density feature. 

• Some tape units have the single density feature; some 
have the seven-track feature. 

Single Density Tape Unit Feature 

This feature is installed on tape units to enable nine-track, 
phase-encoded (PE) operations. Single density control is 
standard on the 3411. 

Dual Denshy Tape Unit Feature 

This feature is Installed on tape units to enable nine-track 
operations in both 1600 bpi phase-encoded mode (PE) and 
800 bpi non-return-to-zero mode (NRZJ). If any tape unit 
is equipped with the dual density feature, the 341 1 must 
also be equipped with the dual density control feature. 

Seven Track Tape Unit Feature 

This feature can be installed on the tape unit portion of the 
341 1 or on any 3410. It enables the tape unit to read and 
write data in NRZI mode on seven-track magnetic tape. 
Reading and writing are done at densities of 200, 556, or 
800 bpi. Odd or even parity is provided. 

If the seven-track tape unit feature is installed in the 341 1 
or any attached 3410, the 341 1 must also be equipped with 
a seven-track tape control feature. A 3410 or 341 1 tape 
unit equipped with the seven-tjack tape unit feature caiuiot 
be equipped with either a single density tape unit feature 
or a dual density tape unit feature. 



This feature, available for the 341 1 control unit, enables 
the tape units to read and write nine-track tape in either the 
800 bpi NRZI or 1600 bpi PE mode. 

The program must issue a mode set command to the tape 
control unit to set the desired writing density. A read 
operation does not require a mode set operation. When 
reading, a burst of bits in the parity track at load point 
identifies, to the tape unit, tape written at 1600 bpi. The 
lack of this burst identifies tape written at 800 bpi. 

Seven-Track Control Feature 

This feature, available for the 341 1 control unit, enables 
the 341 1 to control any tape unit (including the tape unit 
portion of the 341 1) that is equipped with the seven-track 
tape unit feature. 

A translator and data converter are included with the seven- 
track control feature. The translator, when set on, trans- 
lates ei^t-bit bytes from main storage to six-bit BCD tape 
characters and vice versa. Each main storage byte becomes 
a tape character; each tape character becomes one byte in 
main storage. The data rate is not changed by the translator. 

The data converter allows writing and reading of binary 
data on seven-track tape units. Writing a tape with the 
data converter on causes four tape characters (24 bits) to 
be written for every three storage bytes (24 bits). Reading 
such a tape reverses the process by converting four tape 
characters into thiee storage bytes. Data conversion 
reduces the data transfer rate by 25 percent of that for 
nine-track NRZI operations. An odd/even count is made 
during read/write data converter operations to ensure 
correct transfer of data. An unequal count sets the data 
converter check bit. 

The mode 1 set command bits (Figure 13-2) turn the 
translator and data converter on and off. The translator 
and data converter cannot be on at the same time, and the 
data converter cannot be used with a read backward com- 
mand. 



FUNCTIONAL CHARACTERISTICS 
Tape Unit Control 

The 341 1 houses the clocks, delays, and controls necessary 
to operate the tape units attached to the system. These 
circuits receive instructions from the system through a tape 
attachment feature in the 5410. Upon receipt of the in- 
structions, the control circuits, using a microprogram, direct 
all required tape unit operations and signal the system 
when the task is complete. 
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Operator Controls 



Cabling 



Each tape unit has an operator panel that contains all sub- 
system manual controls. The 341 1 also has an enable/dis- 
able switch on the operator panel to switch the subsystem 
online and offline. 

File Protection 

The 3410/341 1 subsystem uses a plastic write-enable ring 
mounted on the tape reel to permit writing. If a tape is 
mounted without the ring in position, writing cannot occur; 
therefore, the file is protected. 



Tape Requirements 

The following half-inch tapes can be used: IBM Series/500, 
IBM Heavy Duty, IBM Dynexcel, or competitive formu- 
lations which meet the tape and reel criteria in Tape Speci- 
fications, order number GA3 1-0006. 

Note: IBM tapes other than those named above do not provide 
adequate rehabiJity and should not be used. 



The 341 1 is comiected by cable to the system through an 
opening in the IBM 5203 or 5421 ; the first attached 3410 
is internally attached to the 341 1, the second 3410 is inter- 
nally attached to the first 3410, and the third 3410 is inter- 
nally attached to the second 3410. 



Addressing 

Each tape unit has a fixed address. 



Inter-System Tape Exchange 

Tapes produced on the 3410/341 1 subsystem and all other 
IBM half-inch tape units operating in the same density are 
interchangeable. Therefore, output data produced on one 
system, such as the IBM System/360 or System/370, can 
be used as direct input to another system, such as System/3 
using compatible tape. 



TAPE OPERATION 



Erase Head 

The erase head applies a strong magnetic field that erases 
the entire tape width during write or erase operations. Full- 
width erasure eliminates extraneous bits in interblock gaps 
or skip areas, and destroys previously-written bits. 



Parity Checking 

During write operations, each byte is parity checked twice: 
when it is received from the system and when it is written 
on tape (read back checking). During read operations, each 
byte is parity checked before it is sent to the system, and 
single-track errors are corrected. During sense operations, 
the tape control supplies proper parity for each byte. The 
tape control parity checks all bytes received from the 
system. 



Tape Subsystem Servicing 

The tape subsystem is attached to the system in such a man- 
ner that it usually can be serviced offline without impacting 
other system operations. 



The CPU initiates an I/O operation on a tape unit with the 

start I/O instruction. Figure 13-2 shows the Q-byte bit 
settings for a read, read backward, and write operation. 



Read 

A read forward operation is defined by the Q-byte. The 
tape unit moves tape forward, assembling the data from 
tape. Whenever a byte of data is available, a data transfer 
cycle is requested until the byte count reaches zero. The 
Magnetic Tape Address Register (MTAR) is Incremented 
by 1 after each data transfer cycle (more information about 
this is given in the note under Load I/O). The data Is 
placed in contiguous ascending locations in main storage. 

The unit exception condition is set if a tape mark is 
detected. The end-of-tape (EOT) reflective marker is not 
recognized during read forward operations. 

Note: Seven- track tapes read in the improper mode or on 
nine-track tape units can result in data checks or tape 
runaway conditions. 
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Control Coda Formats 


1 


2 


3 4 


5 6 7 








Read 











1 




Read Backward 











1 1 




Write 











1 




/ 





c 


c c 


111 Tape Motion 




\ M 


M 


M 


M M 


1 1 Mode 1 Set (7 track) 




Control / 1 


1 





D 


1 1 Mode 2 Set (9 track) 




/ 1 








1 


1 1 1 Data Security Erase 




1 











1 1 Loop-Write-to-Read 




C C C (Controt Cod«l 






D 


(Mode 2 Set) 




Rewind 

1 Revyind/Unload 

1 Erase Gap 

1 1 Write Tape Mark 

1 Backspace Block 
1 1 Backspace File 

1 1 Forward Space Block 
1 1 1 Forward Space File 








1 


1 GOO bpi 
800 bpi 




M M M M M (Mode 1 Modifiers) 


Density bpi 
200 556 800 


Odd Even 
Parity Parity 


Data Converter 
On 


Data Convertur 
Off 


Translator 

On 


Trar>slator 
Off 


10 


X 


X 


X 






X 


10 


X 


X 




X 




X 


10 1 


X 


X 




X 


X 




110 


X 


X 




X 




X 


111 


X 


X 




X 


X 




10 10 


X 


X 


X 






X 


110 


X 


X 




X 




X 


110 1 


X 


X 




X 


X 




1110 


X 


X 




X 




X 


1111 


X 


X 




X 


X 




10 10 


X 


X 


X 






X 


10 10 


X 


X 




X 




X 


10 10 1 


X 


X 




X 


X 




10 110 


X 


X 




X 




X 


10 111 


X 


X 




X 


X 





Figuic 13-2. Tape Command Code Formats 
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Read Backward 

A read backward operation is defined by the Q-byte. The 
tape unit moves tape backward and places data in storage 
in reverse of the order in which it was written. The MTAR 
is decremented by 1 after each data transfer cycle. The 
unit exception condition is set if a tape mark is detected. 

Note: Excessive error indications can result if a seVen-track 
read backward operation is attempted using tapes generated 
by IBM tape models, or others, prior to the IBM 2400 
series tape units. 



Write 



Erase Gap: The tape unit moves forward, erasing tape for 
a distance of approximately 3-1/2 inches. When this 
operation is performed in the end-of-tape area, it sets the 
unit exception condition. The subsystem is busy during an 
erase gap operation. 



Write Tape Mark: This command causes the subsystem to 
write a tape mark. A tape mark is a b!ock of special non- 
data bytes separating files. Tape mark formats are pre- 
determined in the subsystem and require no communication 
with the system while writing the tape mark. When this 
operation is performed in the end-of-tape area, it sets the 
unit exception condition. The subsystem is busy while the 
tape mark is being written. 



A write operation is defined by the Q-byte. The tape unit 
moves forward, writing data from main storage. The sub- 
system remains busy until after read-back checking of the 
written data. 

The EOT reflective marker indicates that about 25 feet of 
tape remains on the reel. Ignoring this indication can xm- 
wind tape off the reel. When repositioning tape past the 
EOT marker, the only indication guaranteed is when the 
reflective is first sensed. 

Note: The reconunended minimum block length to facili- 
tate noise recognition is 18 bytes- 



Forward Space Block: This command moves tape forward 
to the next interblock gap. Data is not transferred, and 
errors associated with that block of data are not detected. 
When a tape mark is sensed, it sets the unit exception 
condition. The EOT reflective marker is not recognized 
during this operation. The subsystem is busy during a 
forward space block operation. 



Backspace Block: This command moves tape backward to 
the nearest interblock gap or to load point, whichever 
comes first. No data is transferred. When a tape mark is 
sensed, it sets the unit exception condition. 



Control 

A control command is to be performed when the Q-byte 
bits 5, 6, and 7 are zero. Then, the R-byte defines the 
control command. Figure 13-2 shows the command code 
bit settings. A control command is initiated at the tape 
control and tape unit. No transfer of data is involved. 



Forward Space File: This command moves tape forward to 
the interblock gap beyond the next tape mark. Data is not 
transferred and data errors are not detected. The end-of- 
tape reflective marker is not recognized during this opera- 
tion. The subsystem remains busy until a tape mark has 
been detected. 



Tape Motiof} Commands 



Rewind: This command rewinds the tape. The tape unit 
remains loaded when the tape reaches load point. The tape 
unit is busy until the tape unit reaches the load point. 



Rewind/Unload: This command rewinds the tape to load 
point and automatically unloads it. If the tape unit is at 
load point when the command is issued, tape immediately 
unloads because no rewind is required. The tape unit be- 
comes not ready after accepting a rewind/unload command. 
It remains not ready until made ready by the operator. The 
subsystem is busy only until the tape unit accepts and 
begins executing the command. 



Backspace File: This command moves tape backward to 
the interblock gap beyond the next tape mark or to load 
point, whichever comes first. Data is not transferred and 
data errors are not detected. The subsystem remains busy 
until a tape mark or the load point has been detected. If 
the load point marke'r is detected, the not ready/unit check 
and backward-at-load-point conditions are set. 
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Data Security Erase: This comjmaud erases tape from the 
tape's present position to the end-of-tape marker. The sub- 
system remains busy untU the tape unit accepts and begins 
executing the command. The tape unit remains busy until 
the erase is completed. This command must be issued only 
after the tape unit has been put in write status. If the tape 
unit is in read status or is file protected when a data 
security erase command is issued, the command reject and 
not ready/unit check conditions are set. 

Erasing data beyond the end-of-tape marker is the responsi- 
bility of the user. Fifteen erase gap commands will erase 
about 4-1/2 feet of tape. 

This command is accepted and terminated without error 
if it is issued when the tape is at end-of-tape and the tape 
unit is in write status. However, if the tape unit is in read 
status, a command reject condition is set. The subsystem 
does not present busy status in either case. 



Loop-Write-to-Read: This command is used for diagnostic 
purposes. It is defined by the Q-byte setting. 



Mode Set Commands 

Mode set commands are used to select density, parity, data 
converter, and code translator for seven-track operation. 
Figure 13-2 shows the mode modifier bit setting? that set 
these conditions. Figure 13-3 gives the subsystem response 
to mode set commands for write operations. 



Mode I Set: This sets the control unit to seven-track NRZI 
operation. It affects operation of all seven-track tape units 
attached to the tape control. Unless reset, the tape cojitrol 
retains its mode setting until it receives another mode 1 
set command. A system reset forces a default condition of 
X'93'. 



Peatura fnstaJled on Control Portion of 3411 and Salectad 
3410/3411 Tape Units 


Action Takan by Subsystem (Write) | 


1600 bpi 


800 bpi 


800/556/200 bpi 


Dual Density Control Feature and Dual Density Tape Unit Feature 








1600 bpi mode set" 


X 






800 bpi mode set* 




X 




Seven-track mode set 


Previous Setting 




No mode set 


Previous Setting 




Dual Density Control Feature either installed or uninstalled and 








Dual Density Tape Unit Feature not installed 








1600 bpi mode set 


X 






800 bpi mode set 


X 






Seven-track mode set 


X 






No mode set 


X 






Seven-track Control Feature installed and Seven-track Tape Unit 








Feature installed 








1600 bpi mode set 






Previous Setting 


800 bpi mode set 






Previous Setting 


Seven-track mode set 






Density Specified 


No mode set 






Previous Setting 


Seven-track Control Feature installed and Seven-track Tape Unit 








Feature not installed 








1600 bpi mode set 


X 






800 bpi mode set 


X 






Seven-track mode set 


X 






No mode set 


X 






•Effective only at load point. If at other than load point, the previous settin 


g is used. 




Figure 13-3. Subsystem Response to Mode Set Commands for Write Operations 
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Mode 2 Set: This sets dual density tape controls to either 
1600 bpi CPE) or 800 bpi (NRZI) mode for succeeding 
write operations. It is effective only when tape is positioned 
at load point and the tape unit is in ready status. The tape 
unit retains this mode setting until the tape again reaches 
load point, at which time the tape unit is automatically set 
to PE mode (this also applies to rewind operations). The 
control unit retains the last mode set, and successive 
operations aie performed in that mode unless there is a 
system reset. The tape control is set to PE mode after a 
reset. 



A starting address and a record length must be provided 
prior to a read, read backward, or write operation. Not 
ready/unit check and no-op are set if they are not given. 

The condition (I/O working) becomes active when the start 
I/O instruction is accepted. The instruction is not per- 
formed if the no-op bit is on, the I/O attention or busy 
condition exists, or parity of the Q-byte is incorrect. Any 
start I/O resets all sense information except no-op, which 
is reset only with a sense to the byte in which it exists. 

Example: 



Instruction 



TAPE INSTRUCTIONS 

Start I/O 

Mnemonic: SIO 
Op Code Q Byte Control Code 



F3 


1 

daIm, n 

1 1 


Control 
Code 



Operation: This instruction initiates the subsystem's 
operation. 

The Device Address (DA) and M-bit of the Q-byte specify 
the tape unit that is to be used. 



Bits 



Tape Unit 



01100 

01101 1 

OHIO 2 

01111 3 

The N-code of the Q-byte specifies the operation to be 
performed. The operations that can be specified are: 

NBits Operation 

000 Control 

001 Read Forward 

010 Write Data 

01 1 Read Backward 

100 Subsystem EMagnostic (write) 

101 Subsystem Diagnostic (read) 

110 Adapter Diagnostic (write) 

1 1 1 Adapter Diagnostic (read) 

The third byte contains the control code. It is used only 
when bits 5 through 7 of the Q-byte are equal to 000, 100, 
or 101 . Q-byte 100 or 101 is used for diagnostic purposes. 
For control coding, see Figure 13-2. 



F3 
SIO 


70 


IF 











Write Tape Mark 
Control Tape Unit 2 



Load I/O 
Mnemonic: LIO 

Op Code Q Byte 



Operand Address 



Y1 


1 I 

DA IM| N 





1 



Operation: The operand address portion of the instruction 
addresses a two-byte operand. The operand is addressed by 
its rightmost byte and remains unchanged. As specified by 
the N-field, the operand is loaded into either the MTAR in 
the CPU or the byte count register in the tape subsystem. 
Each register contains two bytes, which must be loaded 
prior to each SIO instruction (write, read, or read back- 
ward) following an LIO. Any SIO other than write, read, 
or read backward resets the byte count to zero. The 
program must provide the address of the tape unit that 
uses this register information. 

Note: An LIO must load the starting address and byte 
count for a read, read backward, or write command. For a 
read forward or write operation, the LIO must load the 
data starting address in the MTAR. This address is incre- 
mented by 1 after each data transfer. For a read backward 
operaticm, the LIO must load the MTAR with the ending 
address of the location where data is to be stored. This 
address is decremented by 1 after each data transfer. 
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The N-code of the Q-byte specifies two values: 

N-Bits Condition 

000 Load byte count register. The byte count 

register is loaded with a value equal to the 
nunnber of bytes to be transferred between the 
CPU and the tape subsystem. 

100 Load the MTAR. The MTAR is loaded with 

the main storage starting address while data is 
written in or read out during a tape operation. 

Any N-code other than the ones specified causes the 
processing unit to stop with a processor check and an 
invalid Q-byte indication. 

The LIO instruction is accepted if the subsystem and 
addressed device are not busy. The instruction is rejected 
if the subsystem or device are busy. 

Example: 

Instruction 



31 



6C 



2F 



Bl 



u 



Location of Operand 
Load the MTAR 
Address of Tape Unit 1 
Load I/O 



Operand 



OF 



00 



■ Starting Address of Tape Data 



2FB0 



2FB1 



MTAR Before Operation 


08 


20 







No Meaning 



MTAR After Operation 


OF 


00 







Starting Address of Tape Data 



PageofGA21-9l03-4and5 
Issued 17 ApriJ 1975 
ByTNL: GN21-0205 



Test I/O and Branch 
Mnemonic: TIO 

op Code Q Byte 



Operand Address 



Z1 



— r-r- 

DA;M:N 
I I 






Operation: This instruction tests for the condition specified 
in the N-code. If the tested condition is present, the next 
instruction is taken from the storage address specified by 
the operand address, and the address of the next sequential 
instruction is placed in the address recall register. If the 
condition is not present, the next sequential instruction is 
executed, and the address contained in the operand address 
is stored in the address recall register. The infomiation 
stored in the address recall register remains there until the 
next decimal, insert-and- test-characters, branch, or test 
I/O instruction is executed. 

The Q-byte specifies the tape unit and the condition to be 
tested. The DA and M-bit portion of the Q-byte specify 
the tape unit. 

The N-code of the Q-byte can specify testing for any of 
these conditions: 

1. N-code 000-not ready/check. This condition occurs 
any time the addressed tape unit becomes not ready. 
This condition is removed when the reason for the 
not ready condition is corrected, 

2. N-code 010-busy. This condition occurs for all 
addresses when the subsystem is executing a command. 
It also occurs for a specific addressed tape unit when 
that tape unit is executing a rewind or a data security 
erase, or when it accepts a rewind/unload command. 

Any N-code other than those listed causes a processor 
check stop with an invalid Q-byte indication. 
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Example: 



Instruction 



CI 



72 



0100 0101 

L Test I/O 



-Test Tape Unit 2 for Busy Condition 
Branch to Address 



02 



00 



0103 



Storage Locations of this Instruction 



The Q-byte specifies the tape unit and the condition to be 
tested. The DA and M-bit of the Q-byte specify the tape 
unit to be used: 



Bits 



Tape Unit 



01100 





01101 


1 


OHIO 


2 


01111 


3 



The N-code of the Q-byte can specify testing for any of 
these conditions. 



01 


04 



Instruction Address Register Before Operation 

Storage Location of Next 
Sequential Instruction 



Address Recall Register Before Operation 

Branch to Address— Loaded When 
Instruction is Taken From Core 



Instruction Address Register After Operation \ 

Branch to 
Address 



02 


00 



02 



0^ 



Address Recall Register After Operation 
Address of 



Contents of 
Registers Were 
S\A;epped Because 
Branch Occurred 



01 



04 



Return Point 
in Main Program 



Advance Program Level 

Mnemonic: APL 



i. N-code OOQ-not ready /check. This condition occurs 
any time the addressed tape unit becomes not ready. 
The condition is removed when the reason for the 
not ready condition is corrected. 

2. N-code OiO-busy. This condition occurs for aU 
addresses when the subsystem is executing a com- 
mand. It also occurs for a specific addressed tape 
unit when that tape unit is executing a rewind or a 
data security erase operation, or when it accepts a 
rewind/unload command. 

Any N-code other than those listed causes a processor check 
stop with an invalid Q-byte indication. 



Example: 



Instruction 



Fl 



72 



Not Used 



Busy Condition 
Address Tape Unit 2 
APL 



The next instruction address is taken from the instruction address 
register of the program level that did not execute this instruction. 



Opcode Q Byte 



Fl 



— m — 

DA IMI N 



Not Used 



Operation: This instruction tests for the condition specified 
in the N-code. If the tested condition is present, a system 
with the dual programming feature would activate the 
inactive program level; a system without the dual program- 
ming feature would loop on the advance program level 
instruction until the condition no longer existed. If the 
condition is not present, systems with or without the dual 
programming feature would take the next sequential 
instruction in the active program level. 



Sense I/O 

Mnemonic: SNS 

Opcode QByte 



YO 


1 ' ' 

'DA'M : IM 

1 < < 





operand Address 
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Operation: This instruction causes two sense bytes, from 
the subsystem attachment or the MTAR, to be transferred 
to the two-byte operand in main storage, addressed by the 
operand address. The operand is addressed by its low-order 
byte. The low-order sense byte is stored at the operand 
address; the high-order sense byte is stored at the operand 
address minus 1 . 

The DA and M-bit of the Q-byte specify the tape unit to 
be used. 



Example: 



Instruction 



30 


7A 


05 


FF 












1 


1 

























Main Storage 
Address of Operand 
Tape Unit 3 and 
Subsystem Sense 
Bytes 4 and 5 

Sense Command 



Bits 



Tape Unit 



01100 





01101 


1 


OHIO 


2 


01111 


3 



Subsystem Sense Bytes 4 and 5 



81 


00 



The Q-byte specifies the subsystem^ attachment, or MTAR 
bytes to be transferred. The device address must be the 
address of the tape unit that caused the error being sensed 
(except when sensing the CPU MTAR). The N-code of the 
Q-byte specifies a certain subsystem, attachment, or the 
MTAR bytes transferred as folJows: 

1. N-code 000— subsystem bytes and 1 

2. N-code 001— subsystem bytes 2 and 3 

3. N-code 010— subsystem bytes 4 and 5 

4. N-code 01 1 -subsystem bytes 6 and 7 

5. N-code 100-MTAR 

6. N-code 101 -attachment sense 

7. N-code 1 10— subsystem hardware error sense 

8. N-code 1 1 1— invalid (causes processor check) 



operand Before Operation 

^^ ^ No Meaning 



00 



AB 



05FE 



05FF 



Main Storage Address 



Operand After Operation 



21 



09 



Data From Subsystem 
Sense Bytes 4 and 5 



05FE 



05FF 



SUBSYSTEM SENSE INFORMATION 

Tape error conditions and general status information about 
the tape are conveyed to the processing unit as bits in sense 
bytes. Figure 13-4 shows significant sense-byte information; 
Figure 13-5 shows conditions that set bits in sense bytes 
1> 2, 3, and 5. The following information describes the 
various conditions. 

A valid sense instruction is always executed, either by the 
attachment or the subsystem, A complete sense must be 
performed every time the not ready/unit check indication 
is on. A complete sense includes the two attachment sense 
bytes and all eight subsystem sense bytes. To perform a 
complete sense, an SNS instruction must be issued to each 
of the four Q-bytc configurations that define subsystem 
sense bytes. An SNS instruction does not reset any sense 
or status information (except for no-op when sense byte 
is sensed). 
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Bit 


Byta Q 


Byttl 


Byte 2 


Byte 3 


Byte 5 





Noise 


Data Converter Check 


Reserved 


Tape Mark Check 


Attachment Bus Out 


1 


Wrong Length Record 


Command Reject 


Reserved 


End Velocity Check 


Mu(titrack/LRC 


2 


Unit Exception 


Backward at Load Point 


Tape Indicate 


Tape Unit Position 


Data Timing Check 


3 


Data Check 


Start Veiocity Check 


Reserved 


Reject Tape Unit 


End Oata/CRC 


4 


Diagnostic Track Error 


Illegal Command 


Reserved 


Reserved 


Envelope Check 


5 


No-op (NOP) 


Tape LfnLt Status Changed 


Reserved 


No Readback Data 


False End Marker 


6 


Equipment Check 


Word Count Zero 


Tape Unit Check 


Tachometer Failure 


PE ID Burat Check 


7 


Sense Valid 


Not Caiwble 


Reserved 


Overrun 


VRC 



Figure 13-4. Tape Sense Byte Information 









Si 


ns* Byte Bib 










Equipment Check 








Bit 6 


No-op 






Bit 5 

X 
X 


S«nM 


Condition* 


Data Check 




Bit 3 
X 


Byt« 


Bit 


Unit Exception 


Bit 2 


1 

2 

3 

5 




1 
2 
3 
4 
5 
6 
7 

2 

6 


1 
2 
3 

5 
6 

7 



^ 

2 
3 
4 
5 
6 
7 


Data Converter Check 
Command Reject 
Backward at Load Point 


Start Velocity Check 

Illegal Command 

Tape Unit Status Changed 






X 
X 
X 




Word Count Zero 
Not Capable 






X 
X 




Tape Indicate 
Tape Unit Check 


X 






X 


Tape Mark Check 
End Velocity Check 
Tape Unit Position 




X 




X 
X 


Reject Tape Unit 
No Readback Data 
Tachometer Failure 
Overrun 




X 




X 
X 
X 


Attachment Bus Out Check 

Multitrack/LRC 

Data Timing Check 




X 
X 
X 






End DatayCRC 

Envelope Check 
False End Marker 




X 
X 
X 






PE ID Burst Check 

Vertical Redundancy Check 


Bit 2 


X 
X 

Bit 3 


Bit 5 


Bit 6 


♦These conditions set sense byte bits designated by an X, 



figure 13-5. Tape Subsystem Sense Information 
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An SNS instruction causes the subsystem to request an 
I/O cycle steal after the Q-byte. This provides time for the 
subsystem to assemble the requested sense information. 
No data is transferred during the I/O cycle, and the MTAR 
does not change. 

Before the instruction is performed, the MTAR must have 
proper parity and the address must be less than the system's 
memory size. Improper parity or an address equal to or 
larger than the memory size causes a processor check stop 
when the MTAR is used during this 1/0 cycle. 

Sense information is defined by byte 0, bit 7 of the attach- 
ment and subsystem sense bytes. Sensing a tape subsystem 
that is busy (performing a command) or incapable (hard- 
ware error) forces attachment sense bytes (CE sense bits) 
to the CPU in place of the subsystem sense bytes requested. 
This is indicated by bit 7 being off- The subsystem sense 
was performed properly if bit 7 is on. 



Bit 4— Diagnostic Track Error 

This bit indicates that a dead track was found during a 
Loop-Write-to-Read (LWR) operation. Normally, this 
condition is corrected during a read operation. This bit 
is used as a maintenance aid. 



Bit 5-NOP 

This bit indicates that a command was accepted but could 
not be executed. The command can be retried. 



Bit 6— Equipment Check 

This bit indicates that a command could not be sent to the 
addressed tape unit, the tape position was unknown, or a 
tape mark could not be properly written. 



Sense Byte 



Bit /-Sense Valid 



Bit 0-Noise 

This bit indicates that a block of information read in NRZI 
mode was 12 or fewer bytes long, and that a data check 
occurred. It also indicates that signals were detected during 
the read-back check of an erase-gap operation (PE or NRZI). 



This bit is used to differentiate between attachment and 
subsystem sense bytes. If this bit is active (1), the subsystem 
sense was performed properly; otherwise, subsystem sense 
bytes and 1 were replaced with attachment sense bytes 
Oand I. 



Sense Byte 1 



Bit 1— Wrong Length Record 

This bit indicates that the number of bytes in a block is 
different from the CPU byte count. 



Bit 2— Unit Exception 



Bit 0-Data Converter Check 

This bit indicates that the data block read during a seven- 
track read forward operation did not contain a multiple of 
four bytes (see Special Features). The data check bit is 
also set. 



This bit indicates that an end-of-tape (EOT) marker was 
detected during a write operation, [t also indicates that a 
tape mark was detected during a read forward or space 
block operation. 



Bit 3- Data Check 

This bit indicates an error occurred that can be retried 
after proper tape positioning. 



Bit f -Command Reject 

This bit indicates that a file-protected tape unit was issued 
a write, write tape mark, or erase gap command. It also 
indicates that a tape unit in read status was issued a data 
security erase command. The no-op check bit is also set. 



Bit 2-Backward at Load Point 




This bit indicates thai the tape was moved into the load 
point or a command was issued at load point during any 
backward operation. The no-op bit is also set. 
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Bit 3-Start Velocity Check 



Sense Byte 3 



This bit indicates that the selected tape unit had not 
attained the proper speed when the data was ready to be 
written. The no-op bit is also set. 



Bit 4— Illegal Command 

This bit indicates that a command other than one of the 
start I/O conunands was received in the R-byte by the tape 
subsystem. The no-op check bit is also set. 



Bit 0— Tape Mark Check 

Tliis bit indicates that a tape mark was improperly written. 
The subsystem automatically repositions the tape and 
retries the write tape mark operation up to 15 limes. If the 
tape mark cannot be properly written during a retry 
operation^ the equipment check bit is set; otherwise, no 
error condition is set. 



Bit 5- Tape Unit Status Changed 

This bit indicates that a start I/O instruction was accepted 
but could not be executed because the tape unit was not 
ready. The no-op bit is also set. 



Bit 1-End Velocity Check 

This bit indicates that the tape, at the end of the read back 
check of a write operation, was not moving at proper speed. 
The data check bit is aJso set. 



Bit 6-Word Count Zero 

This bit indicates that the byte count was zero at the start 
of a read, read backward, or write data operation. The no- 
op bit is also set. 



Bit 2-Tape Unit Position 

This bit indicates that, during selection of a tape unit, the 
tape was positioning within the IBG when it was expected 
to be stopped. The equipment check bit is also set. 



Bit y-Not Capable 

This bit indicates that, during a read from load point, a PE 
identification was not detected on a subsystem with (1) a 
PE-only control unit or (2) a dual-density control imit with 
a PE-only tape unit addressed. The no-op bit is also set. 



Bit 3- Reject Tape Unit 

This bit indicates that a selected tape xmit failed to respond 
to set read or write status when instructed, or became not 
ready during execution of a tape motion operation. The 
equipment check bit is also set. 



Seme Byte 2 



Bit 2~ Tape Indicate 

This bit indicates that a write, erase gap, data security erase, 
or write tape mark operation was performed when the tape 
was positioned at, or past, the end-of-tape reflective marker. 
This bit remains set until any backward operation over the 
reflective marker is completed. The unit exception bit Is 
also set. 



Bit 5~No Readback Data 

This bit Indicates that the data was not sensed at the read 
head during a write operation. The equipment check bit 
is also set. 



Bit 6-Tachometer Failure 

This bit indicates the absence of tachometer pulses when 
the tape should be in motion. The equipment check bit 
Is also set. 



Bit 6- Tape Unit Check 

This bit indicates that an error occurred in the tape unit. 
Subsystem sense byte 6 (bits 0, 1, 2, or 3) indicates the 
condition that caused the tape unit check. The equipment 
check bit is also set. 



Bit 7— Overrun 

This bit indicates that data cannot be transferred during 
read, write, or read backward operations. Data transfer 
stops as soon as the condition is detected. The data check 
bit is also set. 
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Sensa Byte 5 



&it 6-PE ID Burst Check 



Bit 0-Attachment Bus Out Check 

This bit indicates that, during a write operation, the data 
from the CPU to the tape subsystem had even parity. The 
data check bit is also set. 



Bit 1-MuhitfBck/Longitudinaf Redundancy Check (LRC) 

This bit indicates that a tape unit in PE mode had envelope 
dropout in two or more tracks and/or a phase error after a 
read, read backward, or write operation. It also indicates 
that the LRC register is not zero or has incorrect parity 
after a read, read backward, or write operation in NRZI 
mode. The data check bit is also set. 



Bit2-DatB Timing Check 

This bit indicates that the bits within a data byte are exces- 
sively misaligned during a read or read backward operation 
in PE mode or during a write operation in NRZI mode. 
The data check bit is also set. 



Bit 3-End Data/Cyclic Redundancy Check (CRC) 

This bit indicates that the ending burst of bits following a 
data block during a read or read backward operation in 
PE mode was not detected. In NRZI mode, it indicates 
that the CRC byte read from tape did not match the CRC 
pattern regenerated while the data block was being read. It 
also indicates, during NRZI write operations, that the CRC 
byte parity during read back check has improper parity, 
or that the CRC pattern read back did not match the pattern 
that was written. The data check bit is also set. 



Bit 4-Enveiope Check 

This bit indicates that an envelope check or phase error 
occurred on a read, read backward, or write operation in 
PE mode. The data checlc bit is also set during write 
operations. In read operations, data check is set onJy if an 
uncorrectable error occurred with an envelope check or 
phase enor. 



Bit 5- False End Marker 

This bit indicates that an incorrect end marker was detected 
during a read or write operation. The data check bit is 
also set. 



This bit indicates that the PE ID (identification) burst was 
improperly written, or a start velocity error occurred during 
PE write operations. It also Indicates that a start velocity 
error occurred during NRZI write operations from load 
point. The data check bit is also set. 



Bit 7-Vertical Redundancy Check fVRC) 

This bit indicates that a parity error occurred on read data, 
which was not corrected during a read or read back 
operation. It also indicates that a parity error occurred 
during the read back check of a write operation. The data 
check bit is also set. 



SUGGESTED ERROR RECOVERY PROCEDURES 

The following minimum error recovery procedures are 
defined for the 34 [0/341 1 tape subsystem to achieve 
acceptable performance and read/write reliability. 



General Actions 

The system logs the number, severity, and type of I/O enors 
that occur while processing each reel of tape. This log helps 
the CE determine whether a problem is tape or machine 
oriented. 

An operating system provides the foOowing facilities: 

• Operator control interface 

• Additional programmed recovery interface 

First, exit to the operator control interface if both of the 
above items are defined. 

Some of the operator control interface options that can be 
defined are: 

• Retry the recovery procedure 

• Continue to addiUonaJ programmed recovery interface 

• Dump the failing record 

• Cancel the job 
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Meisages 

Any operator message (printed or inessage display unit) 
issued for error recovery procedures should contain the 
following information: 

• Message code 

• Error condition that caused the message 

Sonse Procedures 

When an error occurs, sense information must be taken as 
follows: 

1 . Obtain and analyze attachment sense bytes and 1 
before attempting any subsystem sense byte actions. 

2. Peifoim attachment sense byte actions. 

3. Obtain subsystem sense bytes 0-1 and verify valid 
sense. 

4. Obtain sense bytes 2-3, 4-5, and 6-7, (in that order) 
when the sense valid bit is set. 



When sense is (or has become) valid, successive sense 
instructions must be executed within 30 ms of each other. 
Otherwise, the sense information in bytes 2-7 becomes 
invalid due to normal subsystem activity. 



Sense Instructions 

Attachment sense (2 bytes) and subsystem sense (8 bytes) 
must be executed to the failing luiit, without any inter- 
vening instructions to the subsystem when an error is 
detected- The subsystem hardware error sense byte (an 
additional sense byte) is available for hardware error infor- 
mation. This byte is sensed only when specified by the 
error recovery procedure. Update the tape error statistics 
with this sense information. 

The sense bytes and bits must be tested in the order 
(priority) shown in Figure 13-6, and the actions must be 

performed as described in Figure 13-7, 



Priority 


Byte 


Bit 


Condition 


Applicable for 


Periorm 
Action 


RdJid 


Write 


Control 


At 


ifichm* 


»nt Sen 


M 










1 





3 


Tape Control Disabled 


X 


X 


X 


A 


2 





5 


Subsystem Busy 


X 


X 


X 


B 


3 





1 


ABI Parity Error 


X 


X 


X 


C 


4 





2 


ABO Parity Error 


X 


X 


X 


C 


6 





4 


Tvwo Tag Error 


X 


X 


X 


D 


6 





6 


Sequence Error 


X 


X 


X 


D 


7 
Su 


biyst^r 


f\ S«n« 


No Error Found 
> 








E 


8 





7 


Sense Valid 


X 


X 


X 


1 


9 





6 


Equipment Check 


X 


X 


X 


II 


10 


5 


6 


PE ID Burst Check 




X 


X 


IV 


11 





5 


No-op 


X 


X 


X 


III 


12 








Noise 


X 




X 


V 


13 





3 Data Check 


X 






VI 


13 





3 Data Check 




X 




VII 


13 





3 Data Check 






X 


VIII 


14 





2 Unit Exceptron 


X 


X 


X 


IX 


15 





1 Wrong Length Record 


X 






X 


16 


— ■ 


— No Error Indicated 


X 


X 


X 


XI 



Figure L3-6. Attachment and Subsystem Sense Information 
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Action A 

1 



Action B 

1 
2 



Action C 
1 
2 

Action D 

1 
2 
3 

Action E 

1 

Action 1 

1 

2 

Action II 

1 
2 
3 

4 

Action 1 1 1 

t 



If the subsyitem is busy, issue a message to lelt tiie operator to enable the tape unit, then stop, Upon operator restart, 
proceed with the job. 

If the subsystem 1$ not busy, perform a subsystem hardware error sense operation, perform an operator message, and 
stop. Attempt at least ona job restart if a hardware error occurred. 



Repeat the attachment sense operation for at least 1 5 tin>es. 

If the busy condition persists, perform a subsystem hardware error sense operation. Log the error, perform an 
operator mewage, and stop. 

If the busy condition ends, continue checking the sen^ information. 



Log the error and retry the operation up to 1 5 times. 

If unBUccessf ul, the condition becomes a permanent error. 

Perform a subsystem hardware error sense operation. 

Log the error, perform an operator message, and await operator ection. 

One iob restan is recommended, {These errors are not recoverable and can be reset only with a system reset.) 

Continue checking the subsystem sense bytes. 

This bit on indicates a vaild sense; continue checking the subsystem sense bits. 
This bit off indicates an invalid sense; repeat the entire sense operation. 

Perform a complete sense operation and make the information available to the CE. 
Total all current statistical counter and make the total available to tha CB. 
Issue an operator message, and await operator action. 
One job restart is recommended. 

{This condition is set by subsystem sense byte 1 .} 

If bit 1 is on, issue a message to tell the operator to install the write-enable ring, and await operator action. Reissue 
the commend sequence. 

If bit 2 is on, the error can be handled by the operating program^ U so. return to the operating program, otherwise, 
log the error, issue an operator message, and await operator action. 

If bits 3 or 5 are on, reissue the instruction sequence up to 16 times. If the error persists, issue an operator message 
and await operator action. 

If bits 4, 6, or 7 are on, log the error, issue an operator message, and await operator action. 



Figure 13-7 (Part I of 3). Tape Error Recovery Procedures 
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Action IV 

1 Rewind tape and reissue the command sequence up to 15 times. 

2 If the error is correctable, log the error and return to the operating program. 

3 If the error is not correctable in 1 5 retries, log the error. Issue an operator message, and await operator action. 
Suggested operator action: Move the load point nrrarker one or two centimeters toward the center of the tape reel 
and restart. 

Action V 

1 Read operation: Tell the operating program about the condition and let it decide whether this is a noise block on 
tape. If this condition is treated as a noise block, log the error, and return to the operating program. If a block of 
12 or fewer bytes was expected, retry the read as outlined in Action VL If a block of 12 or fewer bytes was not 
expected, discard the data as a noise block and reissue the same instruction sequence to read the expected block. 

2 Erase gap operation; Perform Action VU, If successful, tell the operator an erase gap check occurred. If unsuccess- 
ful, a permanent write error results. 

3 This condition may also result from generating a tape that cannot be read properly. There is no reliable error recovery 
for this failure except a Job restart. The error may be due to faulty tape or a temporary erase error. Give the operator 
the option of preceding with the job, after the message is given, or cancelling the job, 

Action VI The data converter is invalid during read backward operations in seven-track mode. A mode-1 set command can be 

issued at any time, whether required or not. Retry the read 40 times in the same direction as the original read, 
then 40 times in the opposite direction. 

1 Space the block in the opposite direction of the read in which the error occurred. 

2 Set correct seven-track mode jif seven-track tape) and reissue the instruction sequence to reread in the same 
direction in which the error was originally detected. If the error does not exist, proceed to step 8. If the error 
remains, repeat steps 1 and 2 three more times. If the error still persists after a total of four rereads, issue a 
cleaner-btade operation as described in step 7, and return to step 3. 

3 Read in the direction opposite that performed in step 2. If the error does not exist, proceed to step 8. If the error 
persists, proceed to step 4. 

4 Space block in the direction opposite that performed in step 3. 

5 Set correct seven-track mode and reissue the instruction sequence to read in the same direction as in step 3. 

6 If the error persists, repeat steps 4 and 5 three more times. If the error still persists after a total of four rereads, 
issue a cleaner-blade operation as described in step 7. If this corrects the error, proceed to step 8. If the error 
persists, repeat steps 1 through 6 ten times. If the error still persists after all this, proceed to step 9. 

7 Cleaner-blade operation: Perform this operation by Issuing five backspace block commands followed by five forward 
space block commands. If, during a tape cleaner operation, load point Is reached in n backspaces, reposition the tape 
with n-1 forward spaces. If a tape mark is encountered in n space block operations, reposition the tape with n space 
block commands in the opposite direction. Repeat steps 1 through 6 until the record is read successfully or until a 
minimum of 80 retries (as described in steps 1 through 6) have been performed, 

8 Log the error and return to the operating program. 

9 The error is permanent if it still persists. Perform a complete SNS by issuing a loop-write-to-read operation, using 
any available data, then testing for not ready/unit check. If the condition is satisfied, perform a complete sense 
operation and log the sense information. If the condition is not met, log the previous sense information. In either 
case, make the total of all statistical counters available to the CE, then issue an operator message and await 
operator action. 



Figure 13-7 (Part 2 of 3). Tape Error Recovery Procedures 
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Action VII 



Action VIII 



Action 


IX 


1 




2 




Action 


X 


1 




2 




Action 


XI 



Check for unit exception. If unit exception (end-of-tape) is not properly handled, it can be lost and writing off the 
erKl of the tape can result. 

Reposition the tape, issue an erase gap command and reissue the instruction sequence. Repeat the procedure 15 
times. If the error does not recur during the retry, log the error and return to the operating program. If the error 
persists, follow the procedures in Action VI, step 9, but use the previous data for the loop-write-to-read operation. 



Erase gap comrrand. This command is performed by issuing a rewind command and reissuing the original comrr«nd. 
Repeat the procedure at least 1 5 times. If the error does not recur during the retry, log the error and return to the 
operating program. If the error persists, follow the procedure described in Action VI, step 9. 

Commands other than erase gap. Log the error, issue an operator message, and await operator action. 



Log the unit exception condition. 
Return to the operating program. 

Log the wrong length record condition. 
Return to the operating program. 



This condition indicates an unexpected tape unit status. If none of the following conditions exist, log the error 
and await operator action. One job restart is recommended. If any of the following conditions exist, log the error, 
issue an operator message, and await operator action. 

Subsystem sense byte 2, bit 6 indicates that the tape unit had a failure. Subsystem sense byte 6, bit3 0-3 define 
the failure. 

Subsystem sense byte 2, bits 5 and 7 off, indicates a power-off condition on the tape unit or a disconnection to the 
tape unit. 

Subsystem sense byte 2, bits 5 and 7 on, indicatas a tape unit not ready. Expect one of these conditions: dropped 
ready, manually reset once it was in reedy status, or a rewind/unload was issued. 



Figure 13-7 (Part 3 of 3). Tape Error Recovery Procedures 
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ERROR RECORDING 



Error Statistic Counter Assignments 

Figure 13-8 shows the format of the combined volume 
error and statistical data recording counters. These counters 
should be updated immediately before stopping due to an 
uncorrectable error and also before returning to the 
operating program when an error has been corrected. The 
attachment and subsystem sense bytes^ logged because of 
an error, should be printed out daily or after each job. 



Counter 


Bytes 


By Unit 


By Volume 


Noise Blocks 




X 


X 


Write Skips 




X 


X 


Start I/O 


2 


X 


X 


Temporary Read Forward 




X 


X 


Temporary Read Backward 




X 


X 


Temporary Write 




X 


X 1 


Diagnostic Track Error 




X 




Short Gap Mode 




X 




Multitrack Error 


2 


X 




End Data Check 




X 




Envelope Check 




X 




End Velocity 




X 




TIE Byte 


4 


X 




Volume Identification 




X 




Device Type 


1/2 


X 




Overrun 




X 




Tape Mark Check 




X 




PE ID Burst Error 




X 




Start Velocity 




X 




Write Feedthrough 




X 




False End 




X 




No Readback Data 




X 




VRC 




X 




First and Last Volume 








Serial Number 


6 


X 




Q-byte 




X 




Tape Density 


1/2 


X 




Block Length 


2 


X 





Figure 13-8. Combined Volume Eiror and Statistical Data 
Recojding Counters 



Error Card Formatting 

The CE log analysis programs require cards containing 
temporary and permanent error information. Figure 13-9 
shows the format of the temporary error card; Figure 13-10 
shows the format of the permanent error card. 



Description 


Column 


V-record type 


1 


System Date 


2-7 


Volume ID for First Volume on This Unit 


8-13 


Volurrte ID for Last Volume on This Unit 


14-19 


Q-byte 


20 


Density 8=800; 1-1600 


21 


Device Type (decimal equivalent of bits 




5, 6, and 7 of sense byie 4) 


22 


Block Length 


23-26 


Number of Volumes 


27-28 


Start I/O Counter (last volume) 


29-32 


Noise Block Counter (last volume} 


33-34 


Write Skip Counter (last volunr>e) 


35-36 


Temporary Read Forward Errors (last volume) 


37-38 


Temporary Read Backward Errors (last volume} 


39-40 


Temporary Write Errors (last volume) 


41-42 


Start I/O Counter (all volumes) 


43-46 


Noise Block Counter (all volumes) 


47-48 


Write Skip Counter (all volumes) 


49-50 


Temporary Read Forward Errors (all volumes) 


51-62 


Temporary Read Backward Errors (ell volumes) 


53-64 


Temporary Write Errors (all volumes) 


55-56 


Diagnostic Track Errors 


57-58 


Start Velocity Check 


59-60 


Tape Mark Check 


61-62 


End Velocity Check 


63-64 


Write Feed Through 


65-66 


No Read Sack Date 


67-68 


Overrun 


69-70 


Short Gap Mode 


71-72 


Multitrack Error 


73-76 


End Data Check 


77-78 


Envelope Check 


79-80 


False End Marker 


81-82 


PE ID Burst Error 


8:^^ 


VRC 


85-86 


Track in Error Data 


87-94 


Blank 


95-96 



Figure 13-9. Format of the Temporary Error Card 



Doscription 


Column 


0-Record Type 


1 


System Date ■ MMDDYY 


2-7 


Volume ID for Volume Presently Mounted 


8-13 


Icommas if volume ID cannot be determined! 




(blanks for non-labeled tapes) 




Q-byte 


14-15 


R-byte 


16-17 


Adapter Sense Bytes 


18-21 


Subsystem Sense Byie^ 


22-37 


Blank 


38-96 



Figure 13-10. Format of the Permanent Error Card 
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IBM 1442 Card Read Punch 



-, J 



An IBM 1442 Card Read Punch Model 6 or 7 can be 
attached to an IBM System/3 to provide SO-column card 
reading and punching. See Figures 14-1 and 14-2. 



Punch 



Cornering 




Read 
Station •, 

Cornering 
Station 




Figure 14-2. 1442 Card Path 



The following operations can be performed on the 1442: 

1. Read and punch with no feed 

2. Read column binary 

3. Read 

4. Punch and feed 



Figure 14-L IBM 1442 Card Read Punch 



Each of these operations is initiated by a start I/O instruc- 
tion. The operation is specified by the Q byte and the third 
byte of the instruction, called a control code. 
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1442 Operator Panel 

Figure 14-3 shows the operator's paneL 








CLU 

READ 
STA 

PUNCH 
STA 

TRANS 


READ 
REG 

PUNCH 

OVER 
RUN 
































POWER ON 


READY 


































CHECK 


CHIP BOX 






















START 




NPRO 




STOP 






FioiiN* Id-d \dd^ F.rrnT TnHiratnrt 























Figure 14-3. 1442 Operator's Panel 

Power On Light 

TTiis light indicates that system power is on. 



HOPR indicates that a card did not feed from the hopper 
when the 1442 took a feed cycle with cards in the hopper. 



FEED CLt/ indicates that cards in the card path advanced 
one position because of an unrequested feed cycle. 



Ready Light 

This li^t indicates that the 1442 is ready for processing. 
The ready light turns on when the start key is pressed and 
all the following conditions apply: 

1 . System power is on. 

2. Cards are in the hopper. 

3. Stacker is not fiill. 

4. The check light and the chip box light are off. 

5. The 1442 covers are closed. 



READ REG indicates a read error. 



READ STA indicates a card jam at the read station. 



PUNCH indicates a punch error. 



PUNCH STA indicates a card jam at the punch station. 



Check Light 

This light turns on when any of the error indicators 
(Figure 14-4) turn on. 



OVER RUN indicates that data was lost because the 
processing unit was unable to accept data from the 1442 
or send data to the 1442 fast enough. 



TRANS indicates a card jam in the stacker area. 

Chip Box Light 

This light indicates that the chip boxis full or out of place. 
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Start Key 

This key places the 1442 in ready status if the following 
conditions apply: 

1. System power is on. 

2. Cards are in the hopper. 

3. Stacker is not full. 

4. The check light and the chip box light are off. 

5. The 1442 covers are closed. 

The start key is also used to return the 1442 to a ready 
status after the 1442 stop key has been pressed. 



The Q byte contains the device address (always 0101 for 
the 1442), an M bit of 0, and an N code. The N code can 
specify testing for two conditions: 

1. N code 000 — Not ready/unit check. This condition 
indicates that one of the following conditions has 
occurred: 

Feed check (not ready) 
Read check (unit check) 
Punch check (unit check) 
No-op (unit check or not ready) 
I/O attention (not ready) 



NPRO Key 



N code 010 — The 1442 is feeding, reading, or 
punching a caid. 



This key clears ail cards from the card feed path. The 
hopper should be empty before this key is pressed. The 
first card that enters the stacker after this key is pressed 
is read but not punched. The second card that enters the 
stacker is neither read nor punched. 



Any N code other than 000 or 010 causes a processor 
check. 



Advance Program Level 



If the hopper is not empty when this key is pressed, the 
cards will not be cleared from the feed path. 



Stop Key 

This key causes the 1442 to stop after the operation in 
process has been completed. 



INSTRUCTIONS 



Test I/O and Branch 



Mnemonic: 110 



Op Code 



zi 



QByte 



Branch-to-Address 



0101 



^ 



I 



Operation: This instruction tests for the conditions speci- 
fied in the Q byte. If the condition tested for is present, 
the next instruction is taken from the storage location 
specified by the operand address. If the condition does 
not exist, the next sequential instmction is executed. 



Mnemonic: APL 

Op Code Q Byte 



F1 



0101 |o I N Not Used 



Operation: If the dual programming feature is used, the 
condition specified by the N portion of the Q byte is 
tested. If the condition exists, the address of the next 
instruction is taken from the instruction address register 
of the program level that is not active at the time the APL 
instruction is encountered. The program on this level now 
becomes the active program level; the program level from 
which the advance occurred becomes the inactive program 
level. If the condition is not present, the next sequential 
instruction is taken and no program level advance occurs. 
If a conditional program level advance occurs, the return 
point to the program level advanced from is the address of 
the start of the advance program level instruction. The 
return point for an unconditional program level advance is 
the next sequential instruction. 

If the dual programming feature is not used, the program 
loops on the advance program level instruction until the 
specified condition is no longer present, then executes the 
next sequential instruction. An unconditional advance 
program level instmction results in execution of the next 
sequential instruction. 
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The Q byte contains the device address (always 0101 for 
the 1442), an M bit of 0, and an N code. The N code can 
specify testing for two conditions: 

1. N code 000 - Not ready/unit check. This condition 
indicates that one of the following conditions has 
occurred: 

Feed check (not ready) 
Read check (unit check) 
Punch check (unit check) 
No-op (unit check or not ready) 
I/O attention (not ready) 

2. N code 010 - The 1442 is feeding, reading, or 
punching a card. 

Any N code other than 000 or 010 causes a processor 
check. 



Load 1/0 



Mnemonic: LIO 

Op Code Q Byte 



Operand Address 



Y1 



0101 jo ! "n 



Operation: The contents of the two-byte field addressed 
by the operand address is moved to the local storage regis- 
ter designated by the Q byte. If the dual pcogramming 
feature is used and the selected register is busy, an uncon- 
ditional program advance occurs. If the dual piogran^ming 
feature is not used and the selected register is busy, the 
program loops on the load I/O instruction until the register 
is not busy. 

The Q byte contains the device address (always 0101 for 
the 1442), an M bit of 0, and an Ncode. The Ncode 
spcifies the register to be loaded as follows: 

1. N code 000 - Length count register. 

2. Ncode 100 - 1442 data address register. 

Any N code other than 000 or 1 00 causes a processor 
check. 



Sense I/O 

Mnemonic: SNS 
Op Code Q Byte 



Operand Address 



YD 



0101 |o ] n" 



1 

I 



Operation: Two bytes of 1442 status information are 
stored in the field specified by the operand address. The 
field is addressed by its rightmost byte. 

The Q byte contains the device address (always 0101 for 
the 1442), an Mbit of 0, and an N code. The N code 
specifies the information to be stored as follows: 

1. Ncode 001 - Special indicators for CE use. 

2. Ncode 010 - Special indicators for CE use. 

3. N code 01 1 - Status indicators. 

4. N code 100 - 1442 data address register. 

Any N code other than 001, 010, 01 ] , or 100 causes a 
processor check. 

Figure 14-5 gives the meaning of the status bits in the status 
bytes. The conditions that set the 1442 status bits are: 

1. Read station jam: This bit is set when the read 
station operates improperly or when a card jams in 
the read station. A read station jam makes the 1442 
not ready and hghts the READ STA light and the 
check light. The read station jam bit is reset by the 
next start 1/0 instruction, system reset, nonprocess 
runout, or check reset. 

2. Hopper misfeed: This bit is set when a card fails to 
feed properly from the hopper. Hoppei misfeed 
makes the 1 442 not ready and lights the HOPR light 
and the check light. The hopper misfeed bit is reset 
by the next start I/O instruction, system reset, non- 
process runout, or check reset. 

3. Extra feed cycle: This bit is set when the 1442 takes 
an unrequested feed cycle. The extra feed cycle 
makes the 1442 not ready and lights the FEED CLU 
hght and the check light. The extra feed cycle bit is 
reset by the next start I/O instruction, system reset, 
nonprocess runout, or check reset. 

4. Punch station jam: This bit is set when a card jams 
in the punch station. A punch station jam makes 
the 1442 not ready and hghts the PUNCH STA 
light and the check light. The punch station jam bit 
is reset by the next start I/O instruction, system reset, 
nonprocess runout, or check reset. 

5. Transport jam: This bit is set when a card jams in 
the stacker transport area. A transport jam makes 
the 1442 not ready and lights the TRANS light and 
the check Ught. The transport jam bit is reset by the 
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next start I/O iastruction. system reset, nonprocess 
miiQiit, or check reset. 

6. Read check: This bit is set if data is read from the 
card incorrectly. This check also sets the check con- 
dition that can be tested by the test I/O and branch 
instruction. A read check lights the READ REG 
light and the check light. The read check bit is reset 
by the next start I/O instruction, system reset, non- 
process runout, or check reset. 

7. Last card : This bit is set if the 1442 is restarted with 
no cards tn the hopper. If the bit is on, the 1442 
becomes not ready. Only a feed, punch and feed, or 
punch with no feed command should be issued when 
this bit is on. A punch with no feed command will 
not set the last card bit off, so that command should 
be followed by a feed command. 

8. Punch check : This bit is set if the correct punches for 
the specified data are not selected. This check also 
sets the check condition that can be tested by the 
test I/O and branch instruction. A punch check 
lights the PUNCH light and the check light. The 
punch check bit is reset by the next start I/O in- 
struction, system reset, nonprocess runout, or check 
reset. 

9> Data overrun: This bit is set if d^ta was lost because 
the processing unit was unable to accept data from 
the 1442 or send data to the 1442 fast enough. Data 
overrun lights the OVER RUN light and the check 
light. The data overrun bit is reset by the next^tart 
I/O instruction, system reset, nonprocess runout, or 
check reset. 

10. Not ready: This bit is set if the 1442 is not ready 
because the hopper is empty, the stacker is full, the 
chip box is fuU or missing, the covers are open, or 
the 1442 stop key has been pressed. This check also 
sets the check condition that can be tested by the 
test I/O and branch instruction. A not ready con- 
dition lights the I/O attention light. If the chip box 
is full or missing, the chip box light is also on. The 
not ready condition is corrected and the start key 
is pressed. 

U- No-op: This bit is set when the 1442 is issued a 
command it is unabie to execute. This check also 
sets the check condition that can be tested by the 
test I/O and branch Instruction. The no-op bit is 
set off by a sense I/O instruction. 

12- Feed check: This bit is set by any improper card 
movement in the feed and transport sections of the 
1442. This check also sets the check condition that 
can be tested by the test 1/0 and branch instruction. 
A feed check makes the 1442 not ready and lights 
the check light and the appropriate error indicator. 
The feed check bit is reset by correcting the error 
indicated by the error indicator lights. 



13. Read invalid: This bit Is set If multiple punches 
were found in rows 1-7 in any card column. This 
could be caused if the card was upside down or 
backwards. A read invalid lights the READ REG 
light and the check light. The read invalid bit is reset 
by the next start I/O instruction, system reset, non- 
process runout, or check reset. 



Bit 


StatUE Byta 2 


Status Byte 1 





Not Used 


Reed Check 


1 


Not Used 


Lest Card 


2 


Not Used 


Punch Check 


3 


Read Station Jann 


Data Overrun 


4 


Hopper Misfefrd 


Not Ready 


5 


Extra Fead Cycle 


No-Op 


6 


Punch Station Jam 


Feed Check 


7 


Transport Jam 


Read Invalid 



Figure 14-5. 1442 Status Bytes 



Start I/O 



Mnemonic: SIO 



Opcode 


Q Bvte 


Control Code 


F3 


0101 [o I N 





Operation: The start I/O instruction is used to initiate 
each 1442 operation. If the 1442 is busy for that instruc- 
tion or is not ready for any reason except unit check, the 
program loops on the start 1/0 instruction until the 1442 
is not busy or is made ready. If the start 1/0 instruction is 
issued when the 1442 is not ready, the 1/0 attention light 
on the system control panel lights. When the not ready 
condition is corrected, the instruction is executed. If the 
1442 has a feed check when the start I/O instruction is 
issued, the instruction Is ignored and the no-op status bit 
is set. (Status bits are discussed under Sense I/O.) If the 
dual programming feature is used, a start 1/0 instruction 
issued to a 1442 that is busy or not ready causes an auto- 
nnatic program level advance. 
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The Q byte contains the device address (always 0101 for 
the 1442), an M bit of 0, and an N code. The N code 
specifies the operations the 1442 can perform as follows: 

1. N code 000 - Feed 

1 N code 001 - Read only 

3. N code 01 - Punch and feed 

4. N code Oil - Read column binary 

5. N code 100 - Punch with no feed 



rated reading rate, successive start I/O instructions specify- 
ing reading must be issued within 40 milliseconds (Model 6) 
or 30 milDseconds (Model 7) after the preceding card is read. 

To test for a busy condition, use a test I/O and branch 
instruction. 



PUNCH OPERATIONS 



Any N code other than 000, 001, 010, 01 1 , or 1 00 causes a 
processor check. 

The third byte in the instruction is a control code that con- 
trols stacker selection. Bits 0-4 in this byte are not used and 
should be set to zero. Bits 5-7 indicate the stacker selected: 



1. 
2. 



000 - stacker 1 

001 - Stacker 2 



Program Note: If a 1442 check prevents execution of the 
start [/O instruction, the instruction is ignored and a no-op 
status bit is set in the device attachment. If a check does 
not prevent execution of the instruction, the instruction is 
executed and the check is reset. Feed checks or not ready 
conditions cause no-ops. 



READ OPERATIONS 

A load I/O instruction must be executed before each start 
1/0 instruction that specifies card reading. This load I/O 
instruction must load the address of the high-order byte of 
the read data field into the 1442 data address register. To 
meet performance specifications, the address for a normal 
read must be on a 128-byte boundary; the address for a 
read column binary must be on a 256-byte boundary. 

The read/feed functions of start I/O instructions move cards 
from the hopper through the read station. If read is speci- 
fied, the data contained in all 80 columns of the card is 
tiansfened to a storage field (1442 data field) specified by 
a load I/O instruction. The data read is checked to ensure 
that it is read correctly. An error in reading causes a read 
check. 



A load I/O instruction must be executed before each start 
I/O instruction that specifies a punch operation. This load 
I/O instruction places the address of the high-order byte of 
the punch data field in the 1442 data address register. 
Column 1 of the card is punched with the data contained in 
storage at this address; column 2 is punched with the data 
contained in storage at the next higher address. The punch 
data fields must be on 128-byte boundaries. 

In addition to loading the 1442 data address register, a load 
I/O instruction must be issued to load the length count 
register with 128 minus the number of columns to be 
punched. 

Start I/O instructions that specify punching move a card 
from the read station to the punch station. If a punch 
and feed command is issued, the card is punched and ejected 
into one of the stackers. If a punch with no feed command 
is issued, the card is punched but is not ejected. 

As the cards pass through the punch station, data from 
storage is recorded in the cards in the form of punched 
holes. The punching is checked to ensure that the data is 
punched correctly. An error causes a punch check. 

Card punching is performed at a rate of 80 columns per 
second (Model 6) or 160 columns per second (Model 7). 
To maintain the best card throughput, confme punching to 
the beginning card columns. 



COMBINED OPERATIONS 

Through proper sequencing of start I/O instructions, a card 
can be read and punched during one pass through the 1442. 



The card feeding and reading rate is determined by the opera- 
tions being performed. The rated reading speeds (300 cards 
per minute for Model 6 and 400 cards per minute for 
Model 7) are for read operations only. If punching is per- 
formed at the same time, the reading rate is reduced to the 
rate at which punching is performed. To maintain the 



STACKER SELECTION 

Stacker selection is done by including the stacker select 
information in the start I/O instruction control code. 
Stacker selection is performed on the card that is in the 
punch station when the start I/O instruction is executed. If 
no stacker select information is given, the cards are auto- 
matically routed to slacker 1. 
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IBM 3881 Optical Mark Reader 



An IBM 3881 Optical Mark Reader Model 1 can be attached 
to the serial input/output channel to provide direct data 
entry from mark read data forms to Systeni/3 Model 10. 
The IBM 3881 Optica! Mark Reader Models 1 and 2 Ref- 
erence Manual and Operator's Guide. GA21-9143, describes 
the 3881, its internal microprocessor, and some ofits 
applications. It also explains the theory and use of mark 
read data input forms, describing how to adapt the micro- 
processor's built-in error detection logic and mark transla- 
tion ability to the exact requirements of each data field 
being read. It gives complete details about keys, lights, 
error indications, and operating procedures, and contains 
forms specifications and marking recommendations. 



OUTPUT RECORD 



Normal Mark Data Field: Contains all the bytes of data 
from regular mark data fields on the form. The type of 
data in each byte (digit, letter, or image format bit), the 
sequence in which each field is loaded into the normal 
data field of the record, and the number of data bytes in 
each field is controlled by a microprocessor in the 3881. 



BCD Data Field: This field is in the output record only if 
the BCD special feature is installed and the 3881 has been 
controlled (via a format control sheet) to read BCD data 
from that form. The field contains one EBCDIC byte for 
each BCD-encoded di^t read. BCD fields are loaded into 
the output record BCD area (at the end of the normal 
mark data field, as shown in Figure 15-1) in the sequence 
they were. read from the form. 



The 3881 assembles an output record that contains a seg- 
ment descriptor word, record descriptor word, normal 
mark data bytes, BCD data bytes (if any), and serial num- 
ber data (if any) in the format shown in Figures 1 5-1 and 
15-2- Thie output record moves to the system under system 
control. 



Segment Descriptor Word: The first two bytes indicate (in 
binary code) the number of bytes in the record. The last 
two bytes contain zeros. 



Record Descriptor Word: Contains two bytes of status 
information that indicate whether the form was selected 
by the 3881, whether the record contains a serial number, 
etc. (see Figure 15-2). 



Serial Number Field: This field contains a seven digit 
decimal number for batch and/or serial numbering iden- 
tical to the number printed on the input form while it 
passed througji the 3881 transport. If the serial numbering 
device (special feature) is not installed on the 3881, or if 
it is instaJled and is not active when the form is read, the 
3881 does not place a serial number field in the output 
record. If the device is installed and active for one type of 
form only (those directed by the 3881 to the select stacker, 
for example), the 3881 loads blanks into the serial number 
field for all unnumbered forms. The decision to number 
or not to number a particxilar form is a function of 3881 
logic only, and is not affected by CPU programming con- 
trol over form selection. 



Segment 

Descriptor 

Word 

I 



XX 



rrm 



XX 



00 



Record 

Descriptor 

Word 



J XX XX I 



00 I XX 



X 



Normal 

Mark 

Data 



BCD 
Data 



Serial 

Number 

Data 



XX I XX 



I .1.1 . I _ r-i _ r 



XX 



s 



XX 



XX I XX((XX I FX 



FX 



FX 



FX 



r-T— I 



FX 



FX 



FX 



Byte No. 0123 45 678 XX XX XXXXXXX 

Figure 15-1. Forrrat of Output Record 
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BYTE 4 of Output Record (First Byte of Descriptor Word) 






Value in Byte 4 


Conditions Indicated by Hexadecimal Value 






Serial Numbering 


3881 Sent Form 


Reject Characters 


BCD Data 


Hex 


EBCDIC 


Feature Used 


to Select Stacker 


on Form 


Length Error 


C8 


H 


No 


No 


No 


No 


CI 


A 


No 


No 


No 


Yes 


C2 


B 


No 


No 


Yes 


No 


C3 


C 


No 


No 


Yes 


Yes 


C4 


D 


No 


Yes 


No 


No 


C5 


E 


No 


Yes 


No 


Yes 


C6 


F 


No 


Yes 


Yes 


No 


C7 


G 


No 


Yes 


Yes 


Yes 


FO 





Yes 


No 


No 


No 


F1 


1 


Yes 


No 


No 


Yes 


F2 


2 


Yes 


No 


Yes 


No 


F3 


3 


Yes 


No 


Yes 


Yes 


F4 


4 


Yes 


Yes 


No 


No 


F5 


5 


Yes 


Yes 


No 


Yes 


F6 


6 


Yes 


Yes 


Yes 


No 


F7 


7 


Yes 


Yes 


Yes 


Yes 



BYTE 5 of Output Record (Second Byte of 
Descriptor Word) 



Value in Byte 5 


Format Type of Form 


Hex 


EBCDIC 




■ 


FO 
F1 
F2 




1 
2 


Basic 

Alternate 1 
Alternate 2 


F3 
F4 
F5 


3 
4 
5 


Alternate 3 
Alternate 4 
Alternate 5 



Figure 15-2. Record Descriptor Word 



CODE REPRESENTING INVALID COMBINATION OF 
MARKS 

Whenever the 3881 recognizes an invalid combination of 
marks on a form, it inserts a special code (instead of the 
invalid data) in the output record. For this code, the cus- 
tomer can specify either the standard hexadecimal 3F or 
(as a no-cost option) hexadecimal 7C, which is a printable 
graphic. Hexadecimal 3F is not a printable EBCDIC graphic 
character, whereas hexadecimal 7C causes the @ character 
to print from most IBM print chains. 



I/O ATTENTION LIGHT ON 5410 

The 3881 does not make use of the 1/0 attention light on 
the 5410. 



INSTRUCTIONS 

The IBM 3881 operates through the instructions issued to 
the SIOC. The exact form of these instructions is discussed 
in the Chapter 9 of this manual. 
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Load I/O 

Mnemonic: LIO 



Sense I/O 

Mnemonic: SNS 



Opcode Q Byte 



Operand Address 



Op Code Q Byte 



Operand Address 



Y1 



001l!oiN 



Specifies storage location of 
data to be loaded into reg- 
ister 

Specifies register to be loaded 
' Must be 

Specifies SI OC 

Specifies ]oad I/O operation 



Operation: The two bytes contained in the two-byte fieW 
addressed by the operand address are placed in the register 
designated by the Q byte. The operand is addressed by the 
low-order byte. 



A^ Code Desitination 



000 


Invalid. 


001 


I/O function register. 


010 


SIOC length count register 


oil 


Invalid. 


100 


SIOC data address register. 


101 


Data transfer register. 


no 


Invalid. 


ill 


Invalid. 



Specification of an invalid N code results in a processor 
check stop with an invalid Q byte indication. 

Tlie I/O function register must be loaded with the following: 

High-Order Byte Low-Order Byte 

01000000 00000010 

The number that is placed in the length count register is 
the binary representation of a number equal to 256 minus 
the number of bytes to be transferred, unless the program 
is to test for the output record ready status bit ofTat the 
end of each read operation. In that case, the number 
placed in the register is hexadecimal 00. 



YD 



ooii!oIn 



Specifies storage location to 

receive sense data. 
Specifies location of data to be 

transferred. 
Always 0. 
Specifies SIOC 
Specifies sense operation 



Operation: The two bytes specified by the Q byte are 
placed in the two-byte field addressed by the operand 
address. The operand is addressed by the low-order-byte. 

The Q byte comprises a device address (always 00 1 1) in 
the high-order four bits, an M bit of 0, and an N code. The 
N code specifies the sense bytes or registers that are to be 
sensed. 



NCode 


Semes 


000 


Invalid. 


001 


I/O function register. 


010 


Length count register and status byte. 


Oil 


1/0 transfer lines and I/O indentification 


100 


Data address register. 


101 


Data transfer register and diagnostic byte 


110 


Invalid. 


111 


Invalid. 



Specification of an invalid N code causes a processor check 
stop with an invalid Q byte indication. 

The status byte and diagnostic byte are stored as the high- 
order bytes of their respective sense operations. They are 
bit-significant as follows: 



Status Byte 


Bit 


Meaning 





Spare. 


1 


End request. 


2 


Interrupt pending. 


3 


Not used by 3881. 


4 


Data transfer register parity check 


5 


No-op. 


6 


Length count register overflow. 


7 


I/O ready. 
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The I/O transfer lines are bit significant as follows: 
High-Order Byte 



Bit 


Meaning 





Wai be 0* 


1 


WiUbeO* 


2 


Waibel* 


3 


WiU be 0* 


4 


Device is attached 


5 


Not used 


6 


Not used 


7 


Not used 


*If device attached is an IB 


Low-Order Byte 



Bit Meaning 






Not used 


1 


3881 ready 


2 


Equipment check 


3 


Output record ready 


4 


Diagnostic not ready 


5 


Not used 


6 


Not used 


7 


End of file 



Equipment Check: Indicates that a read head or micro- 
processor failure has been detected in the 3881. [f equip- 
ment check is presented as a result of a read command, 
any data transferred during that command execution 
should be ignored. 



Output Record Ready: The 3881 has read all the marks 
from a form passing under the read heads, has translated 
the marks into EBCDIC data bytes or mark image bytes, 
and has stored them (along with special status bytes that 
relate to the data just read) in the 3881 read (output) 
buffer. This bit is reset when the last byte has been trans- 
mitted to the system by a read command. The program 
should test this bit after each read command has been 
executed to determine whether or not another read com- 
mand must be issued to read more data from the buffer 
to the system. 



Additional Status Information: The record descriptor 
word (wiiich is part of each 3881 output record) contains 
two bytes of status information that indicate whether the 
form was selected by the 3881, whether the record con- 
tains a serial number, etc. For details about the 3881 out- 
put record and the record descriptor word, see IBM 3881 
Optical Mark Reader Models I and 2 
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Test I/O and Advance Program Level 

These instructions operate on the SIOC even thou^ they 
may be used when operating the 3881, see Chapter 9 for a 
discussion of these instructions. 
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Start I/O 



3881 OPERATIONS 



Mnemonic: SIO 



Op Code 



F3 



Q Byte Control Byte 



0011I0IN 

1.1 



Control 
Code 



L Specific? the function to be per- 
formed. 

— Not used (must be 0). 

— Specifies SIOC. 

— Specifies start I/O operation. 



Operation: The reader performs the operation specified by 
the N code and the control code: 

NCode Control Code Operation 

000 or 00000001 Reset interrupt request 

001 (performed by the SIOC). 

000 or 00000010 Enable interrupt 

001 (performed by the SIOC). 

000 or 00000100 Disable interrupt 

001 (performed by the SIOC). 

000 or 00001000 Reset SIOC adapter, removing 

001 SIOC from busy state (per- 
formed by the SIOC). 

000 or 00010000 Set interrupt request. 
001 

001 00000000 Read only. 

010 00000000 Invalid for 3881. 

Oil 00000001 Feed and select normal 

stacker.* 

01 1 0000001 Feed and select select stacker. 
01 1 OOOOOIOO Enable reread. 



*The 3881 microprocessor can ovenide this selection, 
sending the form to the select stacker because it detected 
a 3881 format-control-sheet-controlled forms selection 
condition. The stored program can examine byte 4 of the 
output record to determine whether or not the 3881 selec- 
ted the form. 



Operator action during initial 3881 setup procedures causes 
a forms feed cycle. The first data form moves past the 
read heads, is read by the 388 1 , and stops at the wait station 
awaiting a stacker selection decision. As the form passes 
the read head, the 388 1 microprocessor converts the marks 
into meaningful data bytes and formats them into an out- 
put record in the 3881 read buffer. At the same time, the 
3881 error detection and mark discrimination logic (using 
parameters stored in the 3881 microprocessor for the type 
of form being read) selects the select stacker for the form 
if It contains an error or questionable mark. 

The microprogram builds record descriptor bytes for each 
form read. These are bytes 4 and 5 of the output record, 
and they indicate whether or not the 3881 logic directed 
the form to the select stacker. Record descriptor bytes 
never reflect programmed stacker selection. 

After the first form has been fed and read by the 3881, the 
3881 enters a ready status. The program must now issue 
one or more read commands to move the data from the 
3881 read buffer to the CPU. (Each Systera/3 read com- 
mand moves a maximum of 256 bytes from the 3881 
buffer.) 

An SIO specifying a read operation places the SIOC in the 
read mode; this permits the serially-by-byte transfer of data 
from the 3881 read buffer to the CPU Data transfer starts 
immediately if the entire output record has been formatted 
in the 3881 read buffer (signalled by the 3881 setting the 
output record ready bit). If the command is issued after a 
feed command has been issued but before the output 
record has been completely loaded into the read buffer, the 
3881 accepts the command, and data transfer starts when 
the output record ready bit comes on. 

If the command is issued after the end of data trarufer has 
occurred for one record and before a feed command has 
been issued to load the buffer with data from the next 
form, the SIOC returns a busy status indication, and the 
3881 ignores the command. To recover, issue an SIO with 
an N code of 000 and a control code with bit 3 on; this 
will turn the busy bit off. 

The CPU stores die first byte of data transferred in the 
storage location specified by the SIOC data address register, 
storing subsequent bytes in successively higher storage 
locations. Data transfer continues until the read operation 
Is stopped by (1) a length count register overflow or (2) an 
end of data transfer (EOT) condition, which indicates that 
the last byte has been moved from the 3881 buffer to the 
system. 
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If more than 256 bytes are to be read from the buffer, the 
program must issue multiple read commands to move the 
entire output record from the buffer to the CPU. 

[f tlie programmer knows the exact number of bytes to be 
transferred for each record, he can specify a certain number 
of bytes to be moved per read command, and issue the 
number of read commands necessary to move all the data 
to the CPU. If the sum of the bytes specified by all the 
read commands for that output record equals the exact 
number of bytes in the output record, all the data wUl be 
transferred to the system. 

Often, however, the programmer will not know the exact 
number of bytes in the output record to be transmitted to 
the system. In this case, he can load hexadecimal 00 into 
the length count register, and then test for an output-record- 
ready status bit at the end of the read operation. If the bit 
js on, there is still data to be transferred to the CPU, so he 
must issue another read command with 00 in the length 
count register. All the data will have been transmitted to 
the system when the program detects the output-record- 
ready status bit off. 



The program may need to retransmit data from the 3881 
read buffer to the CPU before that data is destroyed by 
reading new data into the buffer with a feed instruction. 
An SIO command specifying the reread enable function 
can be issued any time after the output record ready bit is 
turned on and before the next feed command is issued- 
The reread enable command allows the program to retrans- 
mit data from the buffer, starting with the first byte of the 
output record and performing the identical read functions 
described earlier. 

The feed and select stacker command must now be issued 
to move a new form past the 3881 read station and place 
a new output record in the 3881 buffer. This feed com- 
mand forces the form whose data was last transferred to 
the CPU to move to a stacker. Unless the 3881 has speci- 
fied the select stacker when the program has specified the 
normal stacker for the same form, the form enters the 
stacker specified by the System/3 feed and select stacker 
command. Each form stops at the wait station awaiting 
stacker selection decision if the feed and select stacker 
command is not issued before the form reaches the wait 
station. Any subsequent feed and select stacker command 
issued without an intervening read command is ignored by 
the 3881 . This ensures that no data from a form can be 
destroyed by data from the next form until it has been 
transferred to the system. 
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IBM 3741 Data Station Models 1 and 2 

IBM 3741 Programmable Work Station IVTodels 3 and 4 



Either an IBM 374] Data Station Model 1 or 2 or an IBM 
3741 ProgrammabJe Work Station Model 3 or 4 can be 
directly attached to the IBM System/3. The attached 3741 
can be used online to Systeni/3 as a diskette input/output 
device or offline to perform 3741 functions such as data 
entry and communications, and can be used (Models 3 and 
4 only) as a programmable work station. An IBM System/3, 
using IBM programs, supports the 3741 Models 3 and 4 in 
data station mode only; the System/3 does not support the 
Application Control Language for Models 3 and 4. 



Power 

The 374 1 has a power cord that receives power from a re- 
ceptacle in the room. (The 3741 attachment feature is 
powered from the System/3.) Therefore, supplying power 
to the system does not supply power to the 3741. Also, 
there is no emergency power-off between the processing 
unit and the 3741. 



Online Selection 



Data Transfer Rate 

The 3741 directly attached to System/3 provides input/out- 
put rates of about 1 500 records per minute when reading 
from the diskette, and about 1000 records per minute when 
writing to the diskette. These rates depend on the complex- 
ity of the application and the following assumptions: 

• Records are transferred between the 3741 and a disk 
device (5444 or 5445). 

• Diskette records contain 1 28 bytes, and the 3741 data 
is double buffered. 

• The disk uses 1028-byte blocks (eight diskette records 
per disk block), and the data is double buffered. 

• The system is dedicated (without spooling, multiprogram- 
ming, or dual programming). 

• The operation is error-free, with no alternate tracks 
assigned on the disk or diskette. 



Maximum Diskette Record Size 

A diskette record may not contain more than 128 bytes. 

Attachment to System 

The 3741 is attached, via a signal cable, to an attachment 
feature in the processing unit. 1/0 control is simOar to that 
of an I/O device attached to the serial input/output channel 
on the system. 



A 3741 attached to the system can operate in either online 
mode or offline mode. In online mode, the 3741 keyboard 
is inoperative, except to take the 3741 offline. Data transfer 
between the 3741 and the system is always between the 
system and the diskette, never between the system and the 
keyboard/display screen. 

Before the 3741 can be used as a system I/O device, the 
operator must bring up 3741 power, load a diskette into 
the 3741, and place the 3741 in online mode. 

The system must check to determine that the 3741 is online 
before performing any 3741 I/O operations. If the operator 
has placed the 3741 offline, the program must detect this 
condition and halt. 



REGISTERS AND PROGRAM-TESTABLE LINES 

The following registers and testable lines are used to program 
3741 I/O operations. 

Data Transfer Register 

A 9-bit data transfer register temporarily stores I byte of 
data (8 bits plus a parity bit) that is to be moved in either 
direction between the diskette and main storage. Data 
transfer usually occurs on a cycle steal basis, but the con- 
tents of this register can be moved between the register and 
main storage with load I/O and sense I/O instructions. The 
system tests this register for correct parity, setting a sense 
bit if incorrect parity is encountered. 



3741 Data Station Models L and 2 

3741 Piogiammable Work Station Models 3 and 4 
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Length Count Register 

Because data transfer occurs on a cycle steal basis, the 3741 
attachment must keep track of the number of bytes trans- 
ferred. A length count register performs this function. The 
3741 length count register limits the number of bytes to be 
transferred to the number loaded by the program. 

This register must be loaded before each I/O operation, us- 
ing a load I/O instruction. The number to be loaded into 
the register depends on the number of bytes to be trans- 
ferred. The number should be 255 minus the number of 
bytes to be transferred. For example, if you wish to trans- 
fer 1 28 bytes (the maximum length 3741 record), load 
hexadecimal 7F into the length count register. The 3741 
signals when the last byte has been transferred from the 
diskette to the system. 

Upon successful completion of a record transfer operation, 
the length count register should contain hexadecimal FF 
or a lower number. If the program loads a record length 
jess than the physical record length, the system indicates 
an overflow and places the 3741 in offline mode. 

If the program loads a record length greater than the physi- 
cal record length, the length count register does not read 
hexadecimal FF at the end of data transfer. 

Note: IBM programming support loads 255 minus the 
length of the record into the length count register. At the 
end of data transfer, if overflow did not occur and if the 
register contains hexadecimal FF, the program assumes that 
the correct number of bytes has been transferred, 

The contents of the length count register and the overflow 
condition can be placed in storage for testing with a sense 
1/0 instruction. 

I/O Transfer Lines 

Although this set of signal lines from the 3741 to the attach- 
ment is not a register, the lines can be tested by a sense I/O 
instruction. The lines, which provide information about 
3741 operations, status, and identification, can be used by 
the System/3 program for program decisions. 



I/O transfer lines, their associated testable bits, and their 
meanings, aie: 

I/O Associated 

Ttamfer Byte and 

Line Bit* Meaning 

1 Byte 1, bit 7 Not used 

2 Byte l,bit6 Not used 

3 Byte l,.bit 5 3741 attention required 

4 Byte 1, bit 4 End-of-job out (3741 indicates 

end of job) 

5 Byte 1 , bit 3 End-of-record out (3741 indi- 

cates end of data transfer for a 
System/3 read instruction) 

6 Byte 1, bit 2 Bus-in parity error (attachment 

detected a parity error in data 
received from System/3) 

7 Byte 1 , bit 1 End of data set out (3741 indi- 

cates end of data set) 

8 Byte l.bitO Not used 

9 Byte 2, bit 7 Read from attachment (374 J re- 

quests a System/3 write operation) 

] Byte 2, bit 6 Write to attachment (3741 re- 

quests a System/3 read operation) 

11 Byte 2, bit 5 3741 online 

1 2 Byte 2, bit 4 I/O cable attached 

13 Byte 2, bit 3 I/O identification 1-bit (will be 0) 

14 Byte 2, bit 2 I/O identification 2-bit (will be 0) 

15 Byte 2, bit 1 I/O identification 4-bit (will be 1) 

16 Byte 2, bit I/O identification 8-bit (will be 0) 

*Byte 1 is the low-order (rightmost, high address) byte; 
byte 2 is the high-order (leftmost, low address) byte. 
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Function Register 

The program must load hexadecimal 4000 into the function 
register at the start of each job that uses the 3741. To load 
the function register, use the load I/O instruction. 



Data Station Address Register (DSAR) 

This local storage register stores the address of the data 
field that is to be used for the next 3741 read or write opera- 
tion. The register must be loaded before each read or write 
operation. The register can be sensed with a sense instruc- 
tion. 



3741 OPERATIONS 

The 3741 reads data to the system from one sector of the 
diskette or writes data into one sector of the diskette under 
control of start I/O read or write instructions. Data is trans- 
ferred sequentially, one byte at a time, in EBCDIC. 

At the start of the job, the operator must manually place the 
3741 in proper mode and place the 3741 online. There- 
after, the 3741 operates under System/3 program control. 



Data Transfer 



Use the following procedure to transfer data to and from 
the 3741: 

1. Test with a SNS instruction to ensure that the 3741 
is attached and online. 

2. Test with aTJO instruction to ensure that the 3741 
is ready and not busy. 

3. Wait for the 374J to bring up either the read or write 
command line. 

4. Respond to the 3741 request with an appropriate SJO 
instruction. 

5. Load the address of the first byte of data into the 
attachment data address register. 

6. Load 255 minus the number of bytes to be trans- 
ferred into the length count register. 

7. Issue a read or write SIO instruction. 

8. Proceed to the error-checking operation when a test 
for attachment busy fails. 



Establishing Synchronization 

The program must ensure that the 3741 is synchronized 
with the system before issuing each control SIO instruction. 
The following procedure can be used: 

1. Sense the 3741 status byte for a processor program 
interrupt pending condition. 

2. Reset the interrupt pending latch by issuing an SIO 
instruction. 



Initial Adapter Setup 

The adapter must be set up once per job. Use the following 
procedure: 

1. Reset the adapter. 

2. Load the atuchment function register with hexadeci- 
mal 4000. (This sets the attachment service response 
signal to drop six microseconds after the drop of the 
service request signal) 



Error Checking 

The program should check for errors after each read or write 
SIO instruction has been executed. You can use the follow- 
ing routine; 

1. Sense the J/0 transfer lines, the length count register, 
and the attachment status byte before issuing any 
subsequent SJO instruction. 

2. Check for the following conditions: 

a. 3741 attached and online. (If the 3741 goes off- 
line, no op-end interrupt is generated.) 
Bus-in parity error (3741 detected). 
Bus-out parity error (attachment detected). 
3741 attention required. 

length error. To determine this, check for length 
count register residual of hexadecimal FF. Jf the 
residual is not FF, a length error has occurred. 
No-op. If the last SIO instruction set the no-op 
bit, re-issue the instruction, if possible. 



f. 



3741 Data Station Models 1 and 2 

374] Programmable Work Stution Models 3 and 4 
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End-of-Record Processing 

After each System/3 read operation, the program should 
perform the following routine: 

1. Check for end-of-job indication from 3741 and halt if 
it is the end of the job. 

2. Check for end-of-data indication from 3741. If there 
is an end-of-data indication, the system should process 
appropriately, then return to the data transfer opera- 
tion. 

At the end of data or end of job during a System/3 write 
operation, the program should: 

1. Send end of data to the 3741 for end-of-data condi- 
tion, then return to the data transfer operation, or 

2. Send end of job to the 3741 for end-of-job condition. 



INSTRUCTIONS 
Start I/O 

Mnemonic: SIO 

Op Code Q Byte Control Byte 



F3 


01 00 [ [ N 


Control 
Code 



Operation: The 3741 performs the function specified by 
the N code and the control code. 

The DA is always 0100 (hex 4), and the M bit is always 
binary for the 3741. 

The N code of the Q byte and the control byte specify the 
operation to be performed: 

NCode Control Code Operation 



0000 0001 Reset interrupt request (performed 

by 3741 adapter) 
0000 OOiO Enable interrupt request (performed 

by 3741 adapter) 
I 0000 0100 Disable interrupt request (performed 

by 3741 adapter) 

0000 1000 Reset 3741 adapter, removing 3741 
from busy state (performed by 374] 
adapter) 

0001 0000 Set interrupt request 
0000 0000 Read 

0000 0000 Write 



000* 



001 
010 



A'' Code Control Code Operation 

0000 1000 Indicate normal response to 3741 

0001 0000 Indicate record-length error to 3741 
1 0001 0100 Indicate attachment (mode) error 

Oil ( to 3741 

I 001 1 0000 Indicate end of data set to 3741 
' 0101 0000 Indicate end of job to 3741 
1001 0000 Indicate bus-out parity error to 
3741 

*N code 000 specifies processor program interrupt control 
only. The interrupt control function can also be progranrmied 
with read and write instructions (N codes of 001 and 010). 

Any N code other than those specified causes the process- 
ing unit to stop with a processor check and an invalid Q 
byte indication. 



Test I/O and Branch 
Mnemonic: TIG 



Op Code 



21 



Q Byte Branch-to Address 
1 



1 — f 

OlOOtOl IN 
I l_ 



I 



Operation: The CPU tests for the condition specified by the 
N code. If the condition is present, the CPU places the 
address from the instruction address register into the address 
recall register, then places the operand address from the in- 
struction into the instruction address register, and then 
accesses that instruction. If the condition tested is not pre- 
sent, the CPU places the operand address from the instruc- 
tion in the address recall register and executes the instruc- 
tion at the address specified by the instruction address 
register (the next sequential address). 

The DA portion of the Q byte is always hex 4; the M bit is 
always 0. The N code conditions that can be tested are: 

NCode Condition 

000 Attachment not ready/check 
010 Attachment busy 

Any N code other than those specified causes the process- 
ing unit to stop with a processor check and an invalid Q 
byte indication. 



16-4 



Program Notes: 



The attachment-not-ready/check condition indicates 
that one or more of these conditions exist: 

a. No I/O device is attached to the 3741 attachment. 

b. The data transfer register has incorrect parity. 

c. A read or write SIO instruction addressed to the 
3741 has been ignored (no-oped). 

d. The 3741 is busy or not ready. 

The attachment-busy condition indicates that the 
3741 attachment is performing an operation. 
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Program Notes: 



The attachment not ready/check condition indicates 
that one or more of the foQowing conditions exist: 

a. No I/O device is attached to the 3741 attachment. 

b. The data transfer register has incorrect parity. 

c. A read or write SIO instruction addressed to the 
3741 has been ignored (no-oped). 

d. The 3741 is busy or not ready. 

The 3741 attachment busy condition indicates that 
the 3741 attachment is performing an operation. 



Advance Program Level 
Mnemonic: APL 



Load I/O 

Mnemonic: LIO 



Op Code Q Byte 



F1 



T— r 



oioojoIn 



Not Used 



Op Code Q Byte Operand Address 



Y1 



OtOOiOiN 
— I I 



Operation: This instruction tests the 3741 attachment for 
the condition specified by the N code. Jf a tested condition 
exists and the system is not equipped with the dual pro- 
granmung feature, the program loops on the APL instruc- 
tion until the condition no longer exists, then advances to 
the next sequential instruction. If a tested condition exists 
and the system is equipped with the dual programming 
feature, the sytem activates the inactive program level. If 
a tested condition does not exist, systems with and without 
the dual programming feature take the next sequential in- 
struction in the active program level. 

The device address for the 3741 is always hex 4, and the M 
bit is always 0. 

The N codes used to specify conditions to be tested are; 

NCode Condition 

000 3741 attachment not ready/check 
010 3741 attachment busy 

Any N code not shown causes the processing unit to stop 
with a processor check and an invalid Q byte indication. 



Operation: The processing unit loads the two bytes of data 
from the field specified by the operand address into the 
register specified by the N code. The operand is addressed 
by its low-order (higher numbered) storage position. 

The device address (bits through 3 of the Q byte) of 
binary 0100 (hex 4) specifies that 3741 registers will be 
loaded. The M bit is always 0. The register to be loaded is 
specified by one of the N codes shown below: 

NCode Register 

001 I/O function register (you must load hex 4000 in- 
to the I/O function register) 

010 3741 length count register (load 255 minus the 

number of bytes to be transferred; load hex value) 

100 3741 data address register 

101 Data transfer register 

Any N code not shown causes the processing unit to stop 
with a processor check and an invalid Q byte indication. 



3741 Data Station Models 1 and 2 

374J Programmable Work Station Models 3 and 4 
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Sense I/O 

Mnemonic: SNS 



Any N code other than those specified causes the process- 
ing unit to stop with a processor check and an invalid Q byte 
indication. 



Op Code Q Byte Operand Address 



YO 


OlOOi oj N 
1 1 





Operation: The CPU moves data from the source specified 
by the N code to the two-byte field specified by the operand 
address. 

The device address for this instruction is always 0100 (hex 
4), and the M bit is always 0. The N codes for the instruc- 
tion and their meanings are shown below: 

NCode Data Source 



Program Notes: 

1. The operand is always addressed by the low-order 
(higher storage number) byte. 

2. This instruction is executed even though the 3741 
attachment is busy or has a not-ready/check condition. 

3. The diagnostic byte is for CE diagnostics and has no 
meaning to the I/O control program. 

4. Figure 16-1 shows the 3741 status bits and their 
meanings. 



001 I/O function register 

010 Length count register and status byte 

01 1 I/O transfer lines and I/O identification. These 
lines from the 3741 are bit significant as follows: 

Low-Order Byte (operand address): Byte 1 

Bit Meaning 






Not used 


I 


End of data 


2 


Bus-in parity 


3 


End of record 


4 


End of job 


5 


3741 attention required 


6 


Not used 


7 


Not used 



High-Order Byte (operand address minus 1): Byte 2 
Bit Meaning 



100 
101 



Must be 

1 Must be 1 V, hex 4 

2 Must be 

3 Must be 

4 3741 attached 

5 3741 online 

6 Write to attachment 

7 Read from attachment 

Data address register 

Data transfer register* and diagnostic byte 

*This byte is stored at the operand address. The 
associated byte is stored at the operand address 
minus 1. 
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Byte Bit 


Name 


Indicates 


Reset By 


2 


CE diagnostic 


Used for CE diagnostic program. 


CE action 


1 


CE diagnostic 


Used for CE diagnostic program. 


CE action 


2 


interrupt pending 


The 3741 requires program action. 


Next SIO issued by program 


3 


Not used 


Not used. 


Not used 


4 


Data transfer register 


The 3741 attachment detected a parrty 


Ne>rt system reset, check reset, or SIO operation 




parity error 


error in at least one byte of data passing 
through the data transfer register for 
transmission to the read data field in 
main storage. 




5 


No-op 


The last instruction issued to the 3741 
was rejected because the 3741 is not 
capable of performing the operation 
specified by the instruction. 


Sense Instruction 


6 


Length count 


The operation tried to transfer more date 


Next LJO that reloads the length count register 




register overflovy 


than the number of bytes specified by 
the length count register. 




7 


I/O ready 


The 3741 is ready and is not busy. 


The 3741 becoming busy or not ready 


1 All 


This byte contains the current contents of the length count register when the register was sensed. 



Figure 16-1. 3741 Status Byte 
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Appendix 



Instruction Formats 
Zero and Add (ZAZ) 

Opcode QBvte Operand Addresses (2to4Byte5) 



Move Characters (MVC) 

op Code Q Byte Operand Addresses (2 to 4 Byteal 



xc 


L 







1 I 



X4 


J 
LI 1 U2 

1 







1 Edit (ED) 

I 

Op Code Q Byt« Operand Addresses (2 to 4 Bytes) 



Add Zoned Decimal (AZ) 

Op Code Q Byte Operand Addresses (2 to 4 Bytes) 



XA 


LI 







X6 



LI ' L2 






I 



< Insert and Test Characters (ITC) 

op Code Q Byte Operand Adarwses (2 to 4 Bytes) 



Subtract Zoned Decimal (SZ) 


^1 
1 

-J 

■ -I 
-J 


XB 


LI 






1 
_L 


Op Code QByte Operand Addra 


tsas (2to4 Bytes) 
, J-- 


Moi/e Logical Immediate (MVI) 

Op Code O Byte Operand Address 




X7 


LI 1 U2 

1 








^/VW / /-k^viVk's/ ^^:^ i^^y^^fk^o / J\ i ^\ 




MOO Logical cnaracters (ALCJ 

Opcode QByte Operand Addresses (2 to 4 Bytes) 


YC 


lO 




1 
J 








XE 


L 






_J 







Subtract Logical Characters (SLC) 

Opcode QByte Operand Addresses j2 to 4 Bytes) 



XF 


L 







Add to Register (A) 

Opcode QBytu 



Set Bits On Masked (SBN) 

Op Code Q Byte Operand Address 

YA M I 
I I I J 

Set Bits Off Masked (SBF) 

Op Code O Byte Operand Address 



Y6 


Q 





Operand Address 

I 
I 



YB 


M 







Move Hex Character (MVX) 

Op Code Q Byte Operand Addresses (2 to 4 Bytes) 



X8 


G 







Store Register (ST) 

Op Code O Byte Operand Address 



I 

J 



Y4 


Q 





Instruction Formats A-1 




Load Register (L) 

op Code Q Byte Operand Addrms 

I 

I 



Y5 


G 





Jump On Condition (JC) 

Op Cods Q Byte Control Code 



F2 


Q 





Load Address (LA) 

Op Code Q Byte Operand 



Z2 


Q 





1 
I 



Halt Program Level (HPL) 



Op Code Halt Idantifier 



FO 


Tans Code 


Units 
Coda 



Compare Logical Characters (CLC) 

Op Code QByte Operand Addressea (2 to 4 Bytes) 



XD 


L 







I 
-J 



Start I/O (SIO) 

opcode O Byte Control Code 



F3 


Da!m| N 

1 I 





Compare Logical Immediate (CLI) 

Op Code Q Byte Operand Address 



YD 


10 





1 



Sense I/O (SNS) 

Op Code O Byte Operand Address 

"I »~" — I 1 ^ 1 

DAI Ml N I 

I 



YO 


1 1 
DAI Ml N 





Test Bits On Masl<ed (TBN) 

Op Code QByte Operand Address 



Y8 


Mask 





Load I/O 


(LIO) 






Op Code O Byte 


Operand Address 


Y1 


DA i MjN 




1 

1 



Test Bits Off Masked (TBF) 

Op Code QByte Operand Address 

1 

\ 



Y9 


Mask 





Test I/O and Branch (TIO) 

op Code O Byte Branch-to Address 



Z1 


1 1 

DAiM IN 
t 1 





I 



Branch On Condition (BC) 

Opcode QByte Branch Address 



20 


Q 





Advance Program Level (APL) 



Op Code 


QByte 




F1 


1 1 

DAtMiN 
1 1 


Not Used 



A-2 



Code Conversions 



PageofGA21'9103^and5 
Issued 17 AprU1975 
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EBCDIC 










Dec 
Val 


Hex 

Val 


Card Code 


Mnem 


IPL* 


Code 


EBCDJC 

Character 


ASCII 
Code 


ASCII 

Character 


System/3 

Symbol 


DCBA8421 


T1T3 


T2T3 


01234567 


000 


00 


C 




4 


1 


00000000 


NUL 


0000000 


NUL 




001 


01 


DCBA 1 




A@ 


A3 


00000001 


SOH 


0000001 


SOH 




002 


02 


DCBA 2 




B @ 


B 3 


00000010 


STX 


0000010 


STX 




003 


03 


DCBA 21 




C @ 


C 3 


00000011 


ETX 


0000011 


ETX 




004 


04 


DCBA 4 


ZAZ 


D @ 


D3 


00000100 


PF 


0000100 


EOT 




005 


05 


DCBA 4 1 




E @ 


E 3 


00000101 


HT 


0000101 


ENQ 




006 


06 


DCBA 42 


A2 


F @ 


F 3 


00000110 


LC 


0000110 


ACK 




007 


07 


DCBA 421 


S2 


G@ 


G 3 


00000111 


DEL 


0000111 


BEL 




008 


08 


DCBA8 


MVX 


H @ 


H 3 


00001000 




0001000 


BS 




009 


09 


DCBA8 1 




1 @ 


1 3 


00001001 


RLF 


0001001 


HT 




010 


OA 


CBA8 2 


ED 


d 4 


i 1 


00001010 


SMM 


0001010 


LF 




Oil 


OB 


CBA8 21 


ITC 


. 4 


, 1 


000010T1 


VT 


0001011 


VT 




1 012 


oc 


CBA84 


MVC 


<4 


< 1 


00001100 


FF 


0001100 


FF 




013 


OD 


CBA84 1 


CLC 


I 4 


( 1 , 


00001101 


CR 


0001101 


CR 




014 


OE 


ceAe42 


ALC 


+ 4 


+ 1 


00001110 


SO 


0001110 


SO 




015 


OF 


CBA8421 


SLC 


1 4 


1 1 


ooogiiii 


SI 


0001111 


SI 




016 


10 


C A8 2 




& 4 


& 1 


00010000 


DLE 


0010000 


DLE 




017 


11 


DCB 1 




J @ 


J 3 


00010001 


DC1 


0010001 


DC1 




018 


12 


DCB 2 




K@ 


K3 


00010010 


DC2 


0010010 


DC2 




019 


13 


DCB 21 




L @ 


L 3 


00010011 


DC3(TM| 


0010011 


DC3 




020 


14 


DCB 4 


ZAZ 


M@ 


M3 


00010100 


RES 


0010100 


DC4 




021 


15 


DCB 4 1 




N @ 


N 3 


00010101 


NL 


0010101 


NAK 




022 


16 


DCB 42 


AZ 


@ 


3 


00010110 


BS 


0010110 


SYN 




023 


17 


DCB 421 


SZ 


P @ 


P 3 


00010111 


IL 


0010111 


ETB 




024 


18 


DCB 8 


MVX 


Q@ 


Q3 


00011000 


CAN 


0011000 


CAN 




025 


19 


DCB 8 1 




R @ 


R 3 


00011001 


EM 


0011001 


EM 




026 


1A 


CB 8 2 


ED 


1 4 


r 1 


00011010 


CC 


0011010 


SUB 




027 


IB 


CB 8 21 


ITC 


$ 4 


$ 1 


00011011 


CUI 


0011011 


ESC 




028 


1C 


CB 84 


MVC 


• 4 


« M 


00011100 


IFS 


0011100 


FS 




029 


ID 


CB 84 1 


CLC 


) 4 


) 1 


00011101 


IG5 


0011101 


GS 




030 


IE 


CB 842 


ALC 


; 4 


1 * 


00011110 


IRS 


0011110 


RS 




031 


IF 


CB 8421 


SLC 


^4 


—I -] 


00011111 


lUS 


0011111 


US 




032 


20 


CB 




- 4 


_ 1 


00100000 


DS 


0100000 


SPACE 




033 


21 


C A 1 




/ 4 


/ 1 


00100001 


SOS 


0100001 


1 




034 


22 


DC A 2 




S @ 


S 3 


00100010 


FS 


0100010 


If 




035 


23 


DC A 21 




T @ 


T 3 


00100011 




0100011 


a 




036 


24 


DC A 4 


ZAZ 


U @ 


U 3 


00100100 


BYP 


0100100 


$ 




037 


25 


DC A 4 1 




V (Si 


V3 


00100101 


LF 


0100101 


% 




038 


26 


DC A 42 


AZ 


w@ 


\A/3 


00100110 


ETBiEOB) 


0100110 


& 




039 


27 


DC A 421 


SZ 


X @ 


X 3 


00100111 


ESC<PRE) 


0100111 


' 




040 


28 


DC AS 


MVX 


Y@ 


Y 3 


00101000 




0101000 


( 




041 


29 


DC A8 1 




2 @ 


Z 3 


00101001 




0101001 


) 




042 


2A 


DCBA 


ED 


) @ 


)3 


00101010 


SM 


0101010 


« 




043 


2B 


C A8 21 


ITC 


, 4 


, 1 


00.101011 


CU2 


0101011 


+ 




044 


2C 


C A84 


MVC 


%4 


% 1 


00101100 




0101100 


t 




045 


2D 


C A84 1 


CLC 


_4 


1 


00101101 


ENQ 


0101101 


- 




046 


2E 


C A842 


ALC 


>4 


> 1 


00101110 


ACK 


0101110 






047 


2F 


C A8421 


SLC 


? 4 


? 1 


00101111 


BEL 


0101111 


/ 





Code Conversions A-3 




PagcofGA21-9103^and5 
Issued 17 April 1975 
ByTNL: GN21-0205 



Dec 
Val 


Hex 
Val 


Card Code 


Mnem 


IPL* 


EBCDIC 
Code 


EBCDIC 
Character 


ASCII 
Code 


ASCfl 
Character 


System/3 
Symbol 


DCBA8421 


T1T3 


T2T3 


01234667 


76S4321 


048 
049 
050 
051 


30 
31 
32 
33 


DC A 
DC 1 
DC 2 

DC 21 


SNS 
LIO 


@ 

1 @ 

2 @ 

3 @ 


3 

1 3 

2 3 

3 3 


00110000 
00110001 
00110010 
00110011 


SYN 


0110000 
0110001 

0110010 
0110011 




1 

2 
3 




052 
053 
054 
055 


34 
35 
36 
37 


DC 4 
DC 4 1 
DC 42 
DC 421 


ST 

L 
A 


4 @ 

5 @ 

6 @ 

7 @ 


4 3 

5 3 

6 3 

7 3 


00110100 
00110101 
00110110 
00110111 


PN 

RS 

uc 

EOT 


0110100 
0110101 
0110110 

0110111 


4 
5 
6 

7 




056 
057 
058 
059 


38 
39 
3A 
3B 


DC 8 

DC 8 1 
C 8 2 
C 8 21 


TBN 
TBF 
SON 
SBF 


a @ 
9 @ 
: 4 

# 4 


8 3 

9 3 

M 1 


00111000 

00111001 
00111010 
00111011 


CU3 


0111000 
0111001 
0111010 
0111011 


8 
9 




060 
061 
062 
063 


3C 
30 
3E 

3F 


C 84 
C 84 1 
C 842 

C 8421 


MVI 
CLf 


@4 
' 4 
= 4 
" 4 


@1 

- 1 

tt 1 


00111100 
00111101 
00111110 

00111111 


DC4 
NAK 

SUB 


01 moo 

0111101 
0111110 

0111111 


< 

> 
? 




064 
065 
066 
067 


40 
41 
42 
43 


None 

D 8A 1 

D BA 2 

D BA 21 




A8 
B 8 
C 8 


A2 
B 2 
C 2 


01000000 
01000001 
01000010 
01000011 


SPACE 


1000000 
1000001 
1000010 
1000011 


A 
B 
C 


SPACE 


068 
069 
070 
071 


44 
45 
46 
47 


D BA 4 
D BA 4 1 
D BA 42 
D BA 421 


2AZ 

AZ 
SZ 


D 8 
E a 
F 8 
G 8 


D 2 
E 2 
F 2 
G 2 


01000100 
01000101 
01000110 
01000111 




1C00100 
1000101 
1OO0110 
1000111 


D 
E 
F 
G 




072 
073 
074 
075 


48 
49 
4A 

4B 


D BAB 

D BAS 1 
BA8 2 
BAB 21 


MVX 

ED 
ITC 


H8 
1 8 

i 


H2 

\ 2 

i 

• 


01001000 
01001001 
01001010 
01001011 


i 


1001000 
1001001 
1001010 
1001011 


H 

1 

J 
K 


• 


076 
077 
078 
079 


4C 
4D 
4E 
4F 


BA84 
BAB4 1 
BA842 
BAB421 


MVC 
CLC 
ALC 
SLC 


< 

( 

+ 

1 


< 
( 

■1- 

1 


01001100 
01001101 
01001110 
01001111 


< 
( 

+ 

1 


1001100 
1001101 
1001110 
1001111 


L 
M 
N 



< 

( 

+ 
1 


080 
081 
082 
083 


50 
51 
52 
53 


A8 2 
D B 1 
D B 2 
D B 21 




& 

J 8 
K 8 
L 8 


& 

J 2 
K 2 
L 2 


01010000 
01010001 
01010010 
01010011 


& 


1010000 
1010001 
1010010 
1010011 


P 
Q 

R 
S 


& 


084 
085 
086 
087 


54 
55 
96 
57 


D B 4 

D B 4 1 
D 8 42 

D B 421 


ZAZ 

AZ 
SZ 


MS 
N 8 
08 
P 8 


M2 
N 2 
02 
P 2 


01010100 
01010101 
01010110 
01010111 




1010100 

' 1010101 
1010110 
1010111 


T 
U 
V 

w 




088 
089 
090 
091 


58 
59 
5A 
5B 


D B 8 

D B 8 1 
B 8 2 
B 8 21 


MVX 

ED 
ITC 


Q8 
R 8 

! 

$ 


Q2 
R2 
! 

$ 


01011000 
01011001 
01011010 
01011011 


1 
$ 


1011000 
)011001 
101 1010 
1011011 


X 
Y 

z 
c 


! 
$ 


092 
093 
094 
095 


5C 
5D 

5E 
5F 


B 84 
B 84 1 
B 842 
B 8421 


MVC 
CLC 
ALC 
SLC 


ft 

) 

-I 


1 


01011100 
01011101 
01011110 

01011111 


• 
) 

n 


1011100 
1011101 

1011110 
1011111 


\ 

-1 


) 



A^ 















EBCDIC 




ASCII 






Dec 
Val 


Hex 
Val 


Card Code 


Mnem 


IPL» 


Code 


EBCDIC 
Character 


Code 


ASCII 
Character 


Systein/3 
Symbol** 


DCBA8421 


T1T3 


T2T3 


01234567 


7654321 


096 


60 


B 







_ 


01100000 





1100000 


\ 


_ 


097 


61 


A 1 




/ 


/ 


01100001 


/ 


1100001 


a 


/ 


098 


62 


D A 2 




S 8 


S 2 


01100010 




1100010 


b 




099 


63 


D A 21 




T 8 


T 2 


01100011 




n 00011 


c 




100 


64 


D A 4 


ZAZ 


U 8 


U 2 


01100100 




nooioo 


d 




101 


65 


D A 4 1 




V8 


V2 


01100101 




1100101 


e 




102 


66 


D A 42 


AZ 


W8 


W2 


01100110 




1100110 


f 




103 


67 


D A 421 


SZ 


X8 


X2 


01100111 




1100111 


g 




104 


68 


D A8 


MVX 


Y8 


Y2 


01101000 




1101000 


h 




105 


69 


D A8 1 




Z 8 


Z 2 


011010(]1 




1101001 


i 




106 


6A 


D BA 


ED 


)8 


)2 


01101010 


1 
1 


1101010 


j 




107 


6B 


A8 21 


(TC 






01101011 


» 


1101011 


k 


1 


108 


6C 


A84 


MVC 


% 


% 


01101100 


% 


1101100 


1 


% 


109 


6D 


A84 1 


CLC 








01101101 


^^ 


1101101 


m 


^_ 


110 


6E 


A842 


ALC 


> 


> 


01101110 


> 


1101110 


n 


> 


111 


6F 


A8421 


SLC 


7 


? 


01101111 


? 


1101111 





? 


112 


70 


D A 


SNS 


8 


2 


01110000 




1110000 


p 




113 


71 


D 1 


LIO 


1 8 


1 2 


01110001 




1110001 


p 




114 


72 


D 2 




2 8 


2 2 


01110010 




1110010 


r 




115 


73 


D 21 




3 8 


3 2 


01110011 




moon 


s 




116 


74 


D 4 


ST 


4 8 


4 2 


01110100 




11101C0 


t 




117 


75 


D 4 1 


L 


5 8 


5 2 


01110101 




1110101 


u 




118 


76 


D 42 


A 


6 8 


6 2 


01110110 




mono 


V 




119 


77 


D 421 




7 8 


7 2 


01110111 




mom 


w 




120 


78 


D 8 


TBN 


8 8 


8 2 


01111000 




1111000 


X 




121 


79 


D 8 1 


TBF 


9 8 


9 2 


01111001 


\ 


1111001 


y 




122 


7A 


8 2 


SBN 


; 




01111010 




1111010 


z 




123 


7B 


8 21 


SBF 


# 


# 


01111011 


# 


nnon 


( 


# 


124 


7C 


84 


MVI 


@ 


@ 


01111100 


@ 


1111100 


! 

1 


@ 


125 


7D 


84 1 


CLI 


/ 


/ 


01111101 


/ 


1111101 


} 


/ 


126 


7E 


842 




c 


= 


01111110 


= 


1111110 




= 


127 


7F 


8421 




tt 


ti 


01111111 


** 


mini 


DEL 


** 


128 


80 


DC 




@ 


3 


10000000 










129 


81 


CBA 1 




A4 


A 1 


10000001 


a 






a 


130 


82 


CBA 2 




B 4 


B 1 


10000010 


b 






b 


131 


83 


CBA 21 




C 4 


C 1 


10000011 


c 






c 


132 


84 


CBA 4 


ZAZ 


D4 


D 1 


10000100 


d 






d 


133 


85 


CBA 4 1 




E 4 


E 1 


10000101 


e 






e 


134 


86 


CBA 42 


AZ 


F 4 


F 1 


10000110 


f 






f 


135 


87 


CBA 421 


SZ 


G4 


G 1 


10000111 


9 






g 


136 


88 


CBA8 


MVX 


H 4 


H 1 


10001000 


h 






h 


137 


89 


CBA8 1 




1 4 


1 1 


10001001 


i 






1 


138 


8A 


DCBA8 2 


ED 


c @ 


c 3 


10001010 










139 


8B 


DCBA8 21 


ITC 


. @ 


. 3 


10001011 










140 


8C 


DC8A84 


MVC 


<@ 


<3 


10001100 








( < 


141 


8D 


DCBA84 1 


CLC 


{ @ 


1 3 


10001101 








Note 1 1 


142 


8E 


DCBA842 


ALC 


+ @ 


+ 3 


10001110 








' 


143 


8F 


DCBA8421 


SLC 


1 @ 


1 3 


10001111 








\ + 



*Characters on right side of column are not handled by six-bit devices. 
Note 1 . Symbols printed by System/3 devices equipped with TN character sets. 
8D and 8E are superscript characters. 



Code Conversions A-5 
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EBCDIC 




ASCII 






Dec 
Val 


Hex 
Val 


Card Code 


Mnem 


IPL» 


Code 


EBCDIC 
Character 


Code 


ASCII 
Character 


System/S 
Symbol** 


DCBA8421 


TITS 


T2T3 


0123456^ 


7654321 


144 


90 


CBA 




)4 


) 1 


10010000 










145 


91 


CB 1 




J 4 


J 1 


10010001 


j 






J 


146 


92 


CB 2 




K4 


K 1 


10010010 


k 






k 


147 


93 


CB 21 




L4 


L 1 


10010011 


1 






1 


148 


94 


CB 4 


ZAZ 


M4 


M 1 


10010100 


m 






m 


149 


95 


CB 4 1 




N4 


N 1 


10010101 


n 






n 


150 


96 


CB 42 


AZ 


04 


1 


10010110 


o 






o 


151 


97 


CB 421 


SZ 


P 4 


P 1 


10010111 


P 






P 


152 


98 


CB 8 


MVX 


Q4 


Q1 


10011000 


q 






q 


153 


99 


CB 8 1 




R4 


R 1 


10011001 


r 






r 


154 


9A 


DCB 8 2 


ED 


1 @ 


1 3 


10011010 










155 


9B 


DCB 8 21 


ITC 


$ @ 


$ 3 


10011011 










156 


9C 


DCB 84 


MVC 


* @ 


* 3 


10011100 








Note ) ) 


157 


9D 


DCB 84 1 


CLC 


) @ 


) 3 


10011101 








158 


9E 


DCB 842 


ALC 


; @ 


; 3 


10011110 










159 


9F 


DCB 8421 


SLC 


-\ @ 


n 3 


10011111 








160 


AO 


DCB 




-@ 


- 3 


10100000 








— 


161 


A1 


DC A 1 




/ @ 


/ 3 


10100001 


~ 






"^ 


162 


A2 


C A 2 




S 4 


S 1 


10100010 


s 






s 


163 


A3 


C A 21 




T 4 


T 1 


10100011 


t 






t 


164 


A4 


C A 4 


ZAZ 


U 4 


U 1 


10100100 


u 






u 


165 


A5 


C A 4 1 




V4 


V 1 


10100101 


V 






V 


166 


A6 


C A 42 


AZ 


W4 


W1 


10100110 


w 






w 


167 


A7 


C A 421 


SZ 


X4 


X 1 


10100111 


X 






X 


168 


AS 


C A8 


MVX 


Y4 


Y 1 


10101000 


V 






V 


169 


A9 


C A8 1 




Z 4 


Z 1 


10101001 


z 






2 


170 


AA 


DC A8 2 


ED 


&@ 


&3 


10101010 










171 


AB 


DC A8 21 


ITC 


, @ 


, 3 


10101011 








L 


172 


AC 


DC A84 


MVC 


%@ 


% 3 


1010110) 








r 


1 173 


AD 


DC A84 1 


CLC 


_ @ 


_ 3 


10101101 








[ 


174 


AE 


DC A842 


ALC 


>@ 


>3 


10101110 








> 


175 


AF 


DC A8421 


SLC 


? @ 


? 3 


10101111 








• 


176 


BO 


C A 


SNS 


4 


1 


10110000 











177 


B1 


C 1 


LIO 


1 4 


1 1 


10110001 










178 


B2 


C 2 




2 4 


2 1 


10110010 










179 


B3 


C 21 




3 4 


3 1 


10110011 










180 


B4 


C 4 


ST 


4 4 


4 1 


10110100 










181 


B5 


C 4 1 


L 


5 4 


5 1 


10110101 










182 


B6 


C 42 


A 


6 4 


6 1 


10110110 










183 


B7 


C 421 




7 4 


7 1 


10110111 










184 


B8 


C 8 


TBN 


8 4 


8 1 


10111000 








8 


185 


B9 


C 8 1 


TBF 


9 4 


9 1 


101110)1 








9 


186 


BA 


DC 8 2 


SBN 


: @ 


: 3 


10111010 










187 


BB 


DC 8 21 


SBF 


# @ 


# 3 


10111011 








J 


188 


BC 


DC 84 


MVI 


@ @ 


@3 


10111100 








n 


189 


BD 


DC 84 1 


CLI 1 


' @ 


' 3 


10111101 








] 


190 


BE 


DC 842 




= @ 


= 3 


10111110 








i= 


191 


BF 


DC 8421 




" @ 


" 3 


10111111 








- 



**Characters on right side of column are not handled by six-bit devices. 

Note 1 . Symbols printed by System/3 devices equipped with TN character sets. 

9D, AO, and BO through B9 are superscript characters. 
A-6 



Dec 
Vai 


Hex 

Val 


Card Code 


Mnem 


IPL* 


EBCDIC 
Code 


EBCDIC 
Character 


ASCII 
Code 


ASCII 
Character 


System/3 
Symbol" 


DCBA8421 


T1T3 


T2T3 


01234567 


7654321 


192 
193 
194 
195 


CO 
CI 
C2 
C3 


D 

BA 1 
BA 2 
BA 21 


BC 

TIO 

LA 


8 
A 
B 
C 


2 
A 

B 
C 


11000000 
11000001 
11000010 
11000011 


{ 
A 
B 
C 






A 
B 
C 


196 
197 
198 
199 


C4 
C5 
C6 
C7 


BA 4 
BA 4 1 
BA 42 
BA 421 




D 

E 
F 
G 


D 

E 
F 
G 


11000100 
11000101 
11000110 
11000111 


D 

E 
F 
G 






D 

E 
F 
G 


200 
201 
202 
203 


C8 
C9 
CA 
CB 


BA8 

BA8 1 
D BAB 2 
D BAB 21 




H 
1 

i 8 
. 8 


H 
1 

i 2 
, 2 


11001000 
11001001 
11001010 
11001011 


H 

1 






H 

' Note \ 

1 5 ° 


204 
205 
206 
207 


CC 
CD 
CE 
CF 


D BA84 
D BA84 1 
D BA842 
D BA8421 




<8 
{ 8 
+ 8 
1 8 


<2 

( 2 
+ 2 

1 2 


11001100 
11001101 
11001110 
11001111 


^ (Note 








208 
209 
210 
211 


DO 
Dl 
D2 
D3 


BA 

B 1 
B 2 
B 21 


BC 

TIO 

LA 


) 
J 
K 

L 


} 
J 

K 

L 


11010000 
11010001 
11010010 
11010011 


} 

J 

K 

L 






} 

J 

K 

L 


212 
213 
214 
215 


D4 
D5 
D6 
D7 


B 4 
B 4 1 
B 42 
B 421 




M 
N 

P 


M 
N 

P 


11010100 
11010101 
11010110 
11010111 


M 
N 

P 






M 
N 

P 


216 
217 
218 
219 


D8 
D9 
DA 
DB 


B 8 

B 8 1 
D B 8 2 
D B 8 21 




Q 
R 

! 8 
$ 8 


Q 
R 

! 2 
$ 2 


11011000 
11011001 
11011010 
11011011 


Q 
R 






Q 
R 


220 
221 
222 
223 


DC 
DD 
DE 

OF 


D B 84 
D B 84 1 
D B 842 1 
D B 8421 




* 8 
) 8 
; 8 
n 8 


• 2 
) 2 
; 2 
n 2 


11011100 
11011101 
11011110 
11011111 










224 
225 
226 
227 


EO 
El 
E2 
E3 


D 8 

DA 1 
A 2 
A 21 


BC 

TIO 

LA 


-8 

/ 8 
S 

T 


- 2 

/ 2 
S 

T 


11100000 
11100001 
11100010 
11100011 


\ 

S 

T 






\ 

S 

T 


228 
229 
230 1 
231 


E4 
E5 
E6 

E7 


A 4 
A 4 1 
A 42 
A 421 




U 
V 

w 

X 


U 
V 

w 

X 


11100100 
11100101 
11100110 
11100111 


U 
V 

w 

X 






U 
V 

w 

X 


232 
233 
234 
235 


E8 
E9 

EA 
EB 


A8 

A8 1 
D A8 2 
D A8 21 




Y 

z 

&8 
, 8 


Y 

z 

&2 
, 2 


11101000 
11101001 
11101010 
11101011 


Y 

z 






Y 

z 



**Characters on right side of column are not handled by six-bit devices. 

Note 1 . Symbols printed by System/3 devices equipped with TN character sets. 

Note 2, Special graphics. 



Code Conversion> A-7 




PagoofGA21-9103^and5 
issued 17 April 1975 
ByTNL: GN21-0205 



Dec 
Val 


Hex 
Val 


Card Code 


Mnetn 


IPL* 


EBCDIC 
Code 


EBCDIC 
Character 


ASCII 
Code 


ASCII 
Character 


System/3 
Symbol** 


DCBA8421 


T1T3 


T2T3 


01234567 


7654321 


236 
237 
238 
239 


EC . 
ED 
EE 
EF 


D A84 
D A84 1 
D A842 
D A8421 




%8 
_8 
>8 
? 8 


%2 
— 2 
>2 
? 2 


11101100 
11101101 
11101110 
11101111 


H 








240 
241 
242 
243 


FO 
F1 

F2 
F3 


A 

1 
2 

21 


HPL 
APL 
JC 
SIO 



1 
2 
3 



1 
2 
3 


1111000D 
11110001 
11110010 
11110011 




1 
2 
3 







1 
2 

3 


244 
245 
246 
247 


F4 
F5 
F6 
F7 


4 

4 1 
42 
421 




4 

5 
6 

7 


4 
5 
6 

7 


11110100 
11110101 
11110110 
11110111 


4 
5 
6 

7 






4 
5 
6 

7 


248 
249 
250 
251 


F8 
F9 
FA 
FB 


8 

8 1 
D 8 2 
D 8 21 




8 
9 

: 8 
#8 


8 
9 

: 2 
# 2 


11111000 
11111001 
11111010 
11111011 


8 
9 

1 






8 
9 

1 


262 

253 
254 
255 


FC 
FD 
FE 
FF 


D 84 
D 84 1 
D 842 
D 8421 




@8 
' 8 
= 8 
" 8 


@2 
' 2 
= 2 
" 2 


11111100 
11111101 
11111110 

11111111 











If both tier 1 and tier 2 are being used. The tier 3 punches are added together as shown In the table 
at the end of this chart. 

* Characters on right side of column are not handled by six-bit devices. 



•Tier 3 chBracter addition table 



Tier 3 Chwacter 
Required by Tier 1 


Tier 3 Character 

Required by Tier 2 




1 2 3 


4 


6 6 7 


8 


9 # 


(0 


> ■ •■ 



A-8 



Powers of Two Table 



yi n 2r^ 

1 1.0 

2 1 0.5 
4 2 0.25 
8 3 0.125 

16 4 0.062 5 

32 5 0.031 25 

64 6 0.015 625 

128 7 a007 8l2 5 

256 8 0.003 906 25 

512 9 0.001953 125 

1024 10 0.000 976 562 5 

2 048 11 a000 488 28125 

4 096 12 0.000 244 140 625 

8 192 13 a000 122 070 312 5 

16384 14 aOOO 061 035 166 25 

32 768 IB 0.000 030 51 7 578 1 2B 

6B 636 16 aOOO 01 5 258 789 062 5 

131 072 17 0.000 007 629 394 531 25 

262 1 44 18 0.000 003 81 4 697 265 625 

B24 288 19 a 000 001 907 348 632 812 5 

1 048 576 20 0.000 000 953 674 316 406 25 

2 097 1 B2 21 aOOO 000 476 837 1 58 203 125 

4 194 304 22 aOOO 000 238 41 B 579 1 01 562 5 

8 3B8 608 23 0.000 000 1 1 9 209 289 550 781 25 

16 777 216 24 aOOO 000 059 604 644 775 390 625 

33 554 432 25 aOOO 000 029 802 322 387 695 31 2 5 

67108864 26 aOOO 000 01 4 901 161 19384765625 

134 217 728 27 aOOO 000 007 450 580 596 923 828 125 

268 435 456 28 0.000 000 003 725 290 298 461 914 062 5 

536 870 912 29 a 000 000 001 862 645 149 230 957 031 25 

1 073 741 824 30 0.000 000 000 931 322 574 615 478 51 5 625 

2 147 483 648 31 0.000 000 000 465 661 287 307 739 257 812 5 

4 294 967 296 32 0.000 000 000 232 830 643 653 889 628 906 25 

8 589 934 592 33 0.000 000 000 116 415 321 826 934 814 453 125 

17179 869 184 34 0.000 000 000 058 207 660 913 467 407 226 562 5 

34 359 738 368 35 aOOO 000 000 029 1 03 830 466 733 703 61 3 281 25 

68 719 476 736 36 aOOO 000 000 014 561 915 228 366 851 806 640 625 

137 438 953 472 37 aOOO 000 000 007 276 957 614 1 83 425 903 320 312 5 

274 877 906 944 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25 

549 755 81 3 888 39 aOOO 000 000 001 81 8 989 403 545 856 475 830 078 1 25 



Powers of Two Table A-9 




Binary and Hexadecimal Number Notation 



Binary Number Notation 

A binary number system, such as is used in System/3 uses 
a base of two. The concept of using a base of two can be 
compared with the base of ten (decimal) number system. 



Example of a decimaJ number 




9 units position- 
30 tens position— 



decima] number 




bjoary number 





^ 





1 


s 


1 


2 


= 


10 


3 


= 


11 


4 


= 


100 


5 


= 


101 


6 


= 


no 


7 


= 


111 


8 


= 


1000 


9 


= 


1001 



+ 200 hundreds posilion-J 

+ 1000 thousands position— 

1239 = decima] number 



As shown above, the decimal number system aUows count- 
ing to ten in each position— from units to tens to hundreds 
to thousands etc. The binary system allows counting to 
two in each position. Register displays in the System/3 
are in binary fonns: a bit light on is a "one**; a bit light 
off is a "zero". 



Example of a binary number 



+0001 - decimal 1 

+0000 = decimal 

>^^ +0000 = decimal 

' 1000 ^decimal 8 

1001= decimal 9 



P 



A-IO 



Hexadecimal Number System 

It has been noted that binary numbers require about three 
times as many positions as decimal numbers to express the 
equivalent number. This is not much of a problem to the 
computer; however, in talking and writing or in communi- 
cating with the computer, these binary numbers are bulky. 
A long string of Ts and O's cannot be effectively trans- 
mitted from one individual to another. Some shorthand 
method is necessary. 

The hexadecimal number system fills this need. Because 
of the simple relationship of hexadecimal to binary, 
numbers can be converted from one system to another by 
inspection. The base or radix of the hexadecimal system is 
16. This means there are 16 symbols: 0,1,2,3,4,5,6,7, 
8, 9, A, B, C, D, E, and F. The letters A, B, C, D, E, and 
F represent the lO^base system values of 10, 11, 12, 13, 14, 
and 15, respectively. 

Four binary positions are equivalent to one hexadecimal 
position. The folJowing table shows the comparable values 
of the three number systems. 



At this point all 16 symbols have been used, and a carry to 
the next higher position of the number is necessary. For 
example: 



cimal Binary 


Hexadecimal 


16 0001 0000 


10 


17 0001 0001 


11 


18 0001 0010 


12 


19 00010011 


13 


20 0001 0100 


14 


21 00010101 


15 


-- and so on -- 





Remember that as far as the internal circuitry of the 
computer is concerned, it only understands binary. But an 
operator can look at a series of lights on the computer 
console showing binary I's and O's, for example: 0001 
1110 0001 0011, and say that the lights represent the 
hexadecimal value IE] 3 which is easier to state than the 
string of I's and O's. 



cimal 


Binary 


Hexadecimal 





0000 





1 


0001 


1 


2 


0010 


2 


3 


0011 


3 


4 


0100 


4 


5 


0101 


5 


6 


0110 


6 


7 


0111 


7 


8 


1000 


8 


9 


1001 


9 


10 


1010 


A 


11 


1011 


B 


12 


1100 


C 


13 


1101 


D 


14 


1110 


E 


15 


nil 


F 



Binary and Hexadecimal Number Notation A-ll 




Hexadecimal — Decimal Conversion Tables 

The table in this appendix provides for direct converijon of 
decimal and hexadecimal number in these ranges: 



For numbers outside the range of the table, add the fol- 
lowing values to the table figures: 



HexadecimaJ 
000 to FFF 



DecimaJ 
0000 to 4095 



Hcxadecima] 


Decimal 


1000 


4096 


2000 


8192 


3000 


12288 


Hexadecimal 


Decimal 


4000 


16384 


500O 


20480 


6000 


24576 


7000 


28672 


8000 


32768 



oooo 



ooo 



r- 

11 

I I 






00 I 

01 _ 

02 - 

03 _ 

04 _ 

05 _ 
Ofi- 
07- 

oe_ 

A9- 
OA- 
0B_ 

oc_ 

0D_ 

0F_ 

10^ 

11 - 

12 . 
13- 

U_ 
15 _ 
Ifl- 
17 _ 

Ifi _ 
19- 
1A_ 

IB- 

IC- 
ID- 



1 



6 



0000 

0016 
0032 
064S 

0064 
OC80 
0096 
0112 

012d 
0144 
0100 
0176 

0L92 
0208 
0224 
0240 



0001 
0017 
0033 
0049 

0065 
0081 
0097 
0113 

0129 
0145 
0161 
0177 

0193 
0209 
0225 
0241 



0002 

OOIS 
0034 
O05O 

ooee 

0O82 
0098 
0114 

0130 
0146 
0162 

0178 

0194 
0210 
0226 
0242 



0003 
0010 
0035 
0051 

0067 
00&3 
0O99 
0115 

0131 
0147 

0163 
0179 

0195 
0211 
0227 
0243 



^256 0257 0258 0259 

0272 0273 0274 0275 

0288 0269 0290 0291 

0304 0305 0306 0307 



0320 0321 0322 

0336 0337 0338 

03^2 0353 0354 

0368 0369 0370 

03ft4 0365 0386 

0400 0401 0402 

0416 04)7 0418 

(H31 04^ 0434 

04^ 0449 0450 

0464 0465 0466 

(MB 6497 0196 



0004 
002O 
0036 
0052 

0068 
0084 
0100 
0116 
0132 
0148 
0L64 
0180 

0196 
0212 
0228 
0244 



0005 
0021 
0037 
0053 
0069 
0O85 
0101 
0117 

0133 
0149 
0165 
0181 

0197 
0213 
0229 
0245 



0006 
0022 
0038 
0054 

0070 
0066 
0102 
0118 

0154 
0150 
0166 
0182 

0196 
0214 
0230 
0246 



0260 0261 0262 

0276 0277 0278 

0292 0293 0294 

0308 0309 0310 



0323 0324 0325 0326 

0339 0340 0341 0342 

0355 0356 0357 0356 

0371 0372 0373 0374 

0367 0366 0389 0390 

0403 0404 0405 0406 

0419 0420 0421 0422 

0435 0436 0437 0438 

0451 0452 0453 0454 

0407 0466 0469 O470 

0499 0500 0501 0502 



0327 
0:^43 
0359 
0375 

0391 
0407 
(H23 
0439 

0455 
0471 





B 



0330 
0346 
0362 
0378 

03W 
0410 
0426 
0442 

0456 
0474 
0490 
0506 



0011 
0027 
0043 
0059 

0075 
0091 
0107 
0123 

0139 
0155 
0171 
0187 

0203 
0219 
02:i5 
0251 

0267 
0283 
0299 
0315 

0331 
0347 
0363 
0379 

0305 
0411 
0427 
0443 

0459 
0475 
0491 
0607 



0012 
0028 
0044 
O06O 
0076 
0092 
0108 
0124 

0140 
0156 
0172 
0188 

0204 
0220 
0236 
0252 

0266 
0264 
0300 
0316 

0332 
0346 
0364 
0360 

0396 
04 12 
0426 
0444 

0460 
0476 

0506 



0013 
0029 
0045 
0061 

0O77 
0093 
0109 
0125 

0141 
0157 
0173 
0189 

0205 
0221 
0237 
0253 

0269 
0265 
0301 
0317 

0333 
0349 
0365 
0361 
0397 
0413 
0429 
0445 

0461 
0477 
0403 
0909 



0014 
0030 
0646 
0062 

0078 
0094 
0110 
0126 

0142 
0156 
0174 
0190 

0206 
0222 
0238 
0254 

0270 
0268 
0302 
0316 

0334 
0350 
0366 
0362 

0396 
0414 
0430 
0446 

0462 
0478 
0494 
051O 



0015 
0031 

0047 
0063 

0079 
0095 
0111 
0127 

0143 
0159 
0175 
0191 

0207 
0223 
0239 
0255 

0271 
0287 
0303 
0319 

0335 
0351 
0367 
0363 

0399 
0415 
0431 
0447 

0463 
0479 
0495 

0611 



A-12 



r 


-0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


i 


































201 


0512 


0513 


0514 


0515 


0516 


0517 


0518 


0519 


0520 


0521 


0522 


0523 


0524 


0525 


0526 


0527 


21- 


0528 


0529 


0530 


0531 


0532 


0533 


0534 


0535 


0536 


0537 


0538 


0539 


0540 


0541 


0542 


0543 


22- 


0544 


0545 


0546 


0547 


0548 


0549 


0550 


0551 


0552 


0553 


0554 


0555 


0556 


0557 


0558 


0559 


23- 


0560 


0561 


0562 


0563 


0564 


0565 


0566 


0567 


0568 


0569 


0570 


0571 


0572 


0573 


0574 


0575 


24 _ 


0576 


0577 


0578 


0579 


0580 


0581 


0582 


0583 


0584 


0585 


0586 


0587 


0588 


0589 


0590 


0591 


25- 


0592 


0593 


0594 


0595 


0596 


0597 


0598 


0599 


06O0 


0601 


0602 


0603 


0604 


06O5 


0606 


0607 


26, 


0608 


0609 


0610 


0611 


0612 


0613 


0614 


0615 


0616 


0617 


0618 


0619 


0620 


0621 


0622 


0623 


27- 


0624 


0625 


0626 


0627 


0628 


0629 


0630 


0631 


0632 


0633 


0634 


0635 


0636 


0637 


0638 


0639 


28^ 


0640 


0641 


0642 


0643 


0644 


0645 


0648 


0647 


0646 


0649 


0650 


0651 


0652 


0653 


0654 


0655 


29-. 


0656 


0657 


Q658 


0659 


0660 


0661 


0662 


0663 


0664 


0665 


0666 


0667 


0668 


0669 


0670 


0671 


2A- 


0672 


0673 


0674 


0675 


0676 


0677 


0678 


0679 


0680 


0661 


0682 


0683 


0684 


0665 


0668 


0667 


28- 


0688 


0^89 


0690 


0691 


0692 


0693 


0694 


0695 


0696 


0697 


0698 


0699 


0700 


0701 


0702 


0703 


2C- 


0704 


0705 


0706 


0707 


0708 


0709 


0710 


0711 


0712 


0713 


0714 


0715 


0716 


0717 


0718 


0719 


20- 


0720 


0721 


0722 


0723 


0724 


0725 


0726 


0727 


0728 


0729 


0730 


0731 


0732 


0733 


0734 


0735 


2E- 


0736 


0737 


073a 


0739 


0740 


0741 


0742 


0743 


0744 


0745 


0746 


0747 


0748 


0749 


0750 


0751 


2F^ 


0752 


0753 


0754 


0755 


0756 


0757 


0758 


0759 


0760 


0761 


0762 


0763 


0764 


0765 


0766 


0787 


30- 


0768 


0769 


0770 


0771 


0772 


0773 


0774 


0775 


0776 


0777 


0778 


0779 


0780 


0781 


0782 


0783 


31- 


0784 


0785 


0786 


0787 


0788 


0789 


0790 


0791 


0792 


0793 


0794 


0795 


0796 


0797 


0798 


0799 


32- 


0800 


0801 


0802 


0803 


0804 


0805 


0806 


0807 


0806 


0809 


0810 


0811 


0812 


0813 


0814 


0615 


33- 


0816 


0817 


0818 


0819 


0820 


0821 


0822 


0823 


0824 


0825 


0826 


0627 


0828 


0629 


0630 


0831 


34 _ 


0832 


0833 


0834 


0835 


0636 


0837 


0838 


0839 


0840 


0S41 


0642 


0843 


0844 


0845 


0846 


0847 


35- 


0848 


0849 


0850 


0851 


0652 


0853 


0854 


0855 


0856 


0857 


0658 


0659 


0660 


0861 


0862 


0863 


36- 


0664 


0865 


0866 


0867 


0668 


0869 


0870 


0671 


0^72 


0873 


0874 


0675 


0876 


0677 


0878 


0879 


37- 


0880 


0881 


0882 


0883 


0884 


0885 


0886 


0687 


0888 


0889 


0890 


0891 


0692 


0893 


0894 


0895 


38- 


0896 


0897 


0898 


0899 


0900 


0901 


0902 


0903 


0904 


0905 


0906 


0907 


0908 


0909 


0910 


0911 


39- 


0912 


0913 


0914 


0915 


0916 


0917 


0918 


0919 


0920 


0921 


0922 


0923 


0924 


0925 


0926 


0927 


3A- 


0928 


0929 


0930 


0931 


0932 


0933 


0934 


0935 


0936 


0937 


0938 


0939 


0940 


0941 


0942 


0943 


3B- 


0944 


0945 


0946 


0947 


0948 


0949 


0950 


0951 


0952 


0953 


0954 


0955 


0956 


0957 


0958 


0959 


3C- 


0960 


0961 


0962 


0963 


0964 


0965 


0966 


0967 


0968 


0969 


0970 


0971 


0972 


0973 


0974 


0975 


3D- 


0976 


0977 


0978 


0979 


0980 


0961 


0982 


0980 


0984 


0985 


0986 


0987 


0988 


0989 


0990 


0991 


3E- 


0992 


0993 


0994 


0995 


0996 


0997 


0998 


0999 


lOOO 


1001 


1002 


1003 


1004 


10O5 


1006 


1007 


3F- 


1008 


1009 


1010 


1011 


1012 


1013 


1014 
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1033 
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1035 


1036 


1037 


1038 


1039 
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1040 
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1068 
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1072 


1073 
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1100 


1101 


1102 


1103 
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1104 


1105 


1106 


1107 


1108 


1109 


1110 


nil 


1112 


1113 


1114 


1115 


1116 


1117 


1118 


1119 


46 _ 


1120 


1121 


1122 


1123 


1124 


1125 


1126 


1127 


1128 


1129 


1130 


1131 


1132 


1133 


1134 


1135 


47^ 


1136 


1137 


1138 


1139 


1140 


1141 


1142 


1143 


1144 


1145 


1146 


1147 


1148 


1149 


1150 


1151 


48. 


1152 


1153 


1154 


1155 


1156 


1157 


1158 


1159 


1160 


1161 


1162 


1163 


1164 


1165 


1168 


1167 


49- 


1168 


1169 


1170 


1171 


1172 


1173 


1174 


1175 


1176 


1177 


1178 


1179 


1180 


1181 


1182 


1183 


4A_ 


1184 


1185 


1186 


1167 


1188 


1189 


1190 


1191 


1192 


1193 


1194 


1195 


1196 


1197 


1198 


1199 


4B_ 


1200 


1201 


1202 


1203 


1204 


1205 


1206 


1207 


1208 


1209 


1210 


1211 


1212 


1213 


1214 


1215 


4C. 


1216 


1217 


1218 


1219 


1220 
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1222 


1223 
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1225 
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1227 
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1230 
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1232 


1233 
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1236 


1237 


1238 


1239 


1240 
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1242 


1243 


1244 


1245 
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1247 


4E^ 


1248 


1249 


1250 


1251 
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1253 
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1257 
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1261 
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1263 
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1267 


1266 


1269 


1270 
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1273 
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1277 


1278 


1279 
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1283 


1284 
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1287 


1288 


1269 


1290 


1291 


1292- 


1293 


1294 


1295 


51- 


1296 


1297 


1298 


1299 


1300 


1301 


1302 


1303 


1304 


1305 


1306 


1307 


1308 


1309 


1310 


1311 


52- 


1312 


1313 


1314 
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1632 


1633 
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1635 


1636 


1637 


1638 
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1645 
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1647 


67_ 


1648 


1649 


1650 
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1653 


1654 
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1728 
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1736 


1737 


1738 


1739 


1740 
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60_ 


1744 


1745 


1746 


1747 


1748 


1749 


1750 


1751 


1752 


1753 


1754 


1755 


1756 


1757 


1758 


1759 


6E_ 


1760 


1761 


1762 


1763 


1764 


1765 


1766 


1767 


1768 


1769 


1770 


1771 


1772 


1773 


1774 


1775 


eF- 


1776 


1777 


1778 


1779 


1780 


1781 


1782 


1783 


1784 


1785 


1786 


1787 


1788 


1789 


1790 


1701 


70- 


1792 


1793 


1794 


1795 


1796 


1797 


1798 


1799 


1800 


1801 


1802 


1803 


1804 


1805 


1806 


1807 


71 _ 


1808 


1809 


1810 


1811 


1812 


1813 


1814 


1815 


1816 


1817 


1818 


1819 


1820 


1821 


1822 


1823 


72- 


1824 


1825 


1826 


1827 


1828 


1829 


1830 


1831 


1832 


1833 


1834 


1835 


1836 


1837 


1838 


1830 


73^ 


1840 


1841 


1842 


1843 


1844 


1845 


1846 


1847 


1848 


1849 


1850 


1851 


1852 


1853 


1854 


1855 


74_ 


1856 


1857 


1858 


1859 


1860 


1861 


1862 


1863 


1864 


1665 


1866 


1867 


1868 


1869 


1870 


1871 


75- 


1872 


1873 


1874 


1875 


1876 


1877 


1878 


1879 


1880 


1881 


1882 


1883 


1884 


1885 


1886 


1887 


76- 


1888 


1889 


1890 


1891 


1892 


1893 


1894 


1895 


1696 


1897 


1898 


1899 


1900 


1901 


1002 


1003 


11 - 


1904 


1905 


1906 


1907 


1908 


1909 


1910 


1911 


1912 


1913 


1914 


1915 


1916 


1917 


1918 


1919 


78- 


1920 


1921 


1922 


1923 


1924 


1925 


1926 


1927 


1928 


1929 


1930 


1931 


1932 


1933 


1934 


1935 


79- 


1936 


1937 


1938 


1939 


1940 


1941 


1942 


1943 


1944 


1945 


1946 


1947 


1948 


1949 


1950 


1951 


7A- 


1952 


1953 


1954 


1955 


1956 


1957 


1958 


1959 


1960 


1961 


1962 


1963 


1964 


1965 


1966 


1997 


7B_ 


1968 


1969 


1970 


1971 


1972 


1973 
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1977 


1978 
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1980 
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1983 


7C- 


1984 


1985 


1986 
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1988 


1989 
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1991 
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1994 
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1996 
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1908 


1909 
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2002 
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2004 


2005 
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2007 


2008 


2009 


2010 
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2014 


2015 
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2017 


2018 


2019 


2020 
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2023 


2024 


2025 
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2032 
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2087 
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2000 
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83- 


2096 


2097 


2098 


2099 


2100 


2101 


2102 


2103 


2104 


2105 


2106 


2107 


2106 


2100 


2110 


2111 


8^- 


2112 


2113 


2114 


2115 


2116 


2117 


2118 


2119 


2120 


2121 


2122 


2123 


2124 


2125 


2126 


2127 


85- 


2128 


2129 


2130 


2131 


2132 


2133 


2134 


2135 


2136 


2137 


2138 


2139 


2140 


2141 


2142 


2143 


86- 


2144 


2145 


2146 


2147 


2148 


2149 


2150 


2151 


2152 


2153 


2154 


2155 


2156 


2157 


2158 


2150 


87- 


2180 


2161 


2162 


2163 


2164 


2165 


2166 


2167 


2168 


2169 


2170 


2171 


2172 


2173 


2174 


2175 


88- 


2176 


2177 


2178 


2179 


2180 


2181 


2182 


2183 


2184 


2185 


2186 


2187 


2188 


2180 


2100 


2101 


89- 


2192 


2193 


2194 


2195 


2196 


2197 


2198 


2199 


2200 


2201 


2202 


2203 


2204 


2205 


2206 


2207 


8A- 


2208 


2209 


2210 


2211 


2212 


2213 


2214 


2215 


2216 


2217 


2218 


2219 


2220 


2221 


2222 


2223 


8B- 


2224 


2225 


22?6 


2227 


2228 


2229 


2230 


2231 


2232 


2233 


2234 


2235 


2236 


2237 


2238 


2230 


8C- 


2240 


224] 


2242 


2243 


2244 


2245 


2246 


2247 


2248 


2249 


2250 


2251 


2252 


2253 


2254 


2255 


8D- 


2256 


2257 


2258 


2259 


2260 


2261 


2262 


2263 


2264 


2265 


2266 


2267 


2268 


2269 


2270 


2271 


8E- 


2272 


2273 


2274 


2275 


2276 


2277 


2278 


2279 


2280 


2281 


2282 


2283 


2284 


2285 


2286 


2287 


8F- 


2288 


2289 


2290 


2291 


2292 


2293 


2294 


2295 


2296 


2297 


2298 


2299 


2300 


2301 


2302 


2303 


90- 


2304 


2305 


2306 


2307 


2308 


2309 


2310 


2311 


2312 


2313 


2314 


2315 


2316 


2317 


2318 


2310 


91- 


2320 


2321 


2322 


2323 


2324 
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2326 


2327 


2328 


2329 
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2331 


2332 


2333 


2334 
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2336 


2337 


2338 


2339 


2340 


2341 
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2344 


2345 
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2349 
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2351 
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2353 
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2355 


2356 


2357 


2358 


2359 


2380 


2361 


2362 


2363 


2364 


2365 


2366 


2367 


94- 


2368 


2369 


2370 


2371 


2372 


2373 


2374 


2375 


2376 


2377 


2378 


2379 


2380 


2381 


2382 


2363 


95- 


2384 


2385 


2386 


2387 


2388 


2389 


2390 


2391 


2392 


2393 


2394 


2395 


2396 


2307 


2398 


2390 
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2400 


2401 


2402 


2403 


2404 


2405 


2406 


2407 


2408 


2409 


2410 


2411 


2412 


2413 


2414 


2415 
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2416 


2417 


2418 


2419 
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2422 


2423 


2424 


2425 


2426 


2427 


2428 


2429 


2430 


2431 
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2432 


2433 


2434 


2435 


2436 


2437 


2438 


2439 
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2444 


2445 


2446 
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2449 
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2564 
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2612 
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2618 
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2654 
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2662 
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2671 
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2723 


2724 
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2737 
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2739 


2740 


2741 


2742 


2743 


2744 


2745 
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2747 
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2749 


2750 


2751 


AC_ 


2752 


2753 


2754 


2755 


2756 


2757 


2758 
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2760 


2781 
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2764 
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2766 


2767 
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2777 
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2783 
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2788 


2789 


2790 


2791 


2792 


2793 


2794 


2795 


2796 


2797 


2798 


2799 


AF- 


2800 


2801 


2802 


2803 


2804 


2805 


2806 


2807 


2808 


2809 


2810 


2811 


2812 


2813 


2814 


2815 


BO - 


2816 


2817 
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2819 
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2827 
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2831 


Bl - 
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2846 


2847 


B2, 


2848 


2849 


2850 


2851 


2852 


2853 


2854 


2855 


2856 


2857 


2858 


2859 


2860 


2861 


2862 


2863 


B3_ 


2864 


2865 


2866 


2867 


2868 


2869 


2870 


2871 


2872 


2873 


2874 


2875 


2876 


2877 


2878 


2879 


B4 _ 


2880 


2881 


2882 


2883 


2884 


2885 


2886 


2887 


2888 


2889 


2890 


2891 


2892 


2893 


2894 


2895 


B5- 


2896 


2897 


2898 


2899 


2900 


2901 


2902 


2903 


2904 


2905 


2906 


2907 


2908 


2909 


2910 


2911 


BB- 


2912 


2913 


2914 


2915 


2916 


2917 


2918 


2919 


2920 


2921 


2922 


2923 


2924 


2925 


2926 


2927 


B7- 


2928 


2929 


2930 


2931 


2932 


2933 


2934 


2935 


2936 


2937 


2938 


2939 


2940 


2941 


2942 


2943 


B8 - 


2944 


2945 


2946 


2947 


2948 


2949 


2950 


2951 


2952 


2953 


2954 


2955 


2956 


2957 


2958 


2fi59 


B9- 


2960 


2961 


2962 


2963 


2964 


296.5 


2966 


2967 


2968 


2969 


2970 


2971 


2972 


2973 


2974 


2975 


BA- 


2976 


2977 


2978 


2979 


2980 


2981 


2982 


2983 


2984 


2985 


2986 


2987 


2988 


2989 


2990 


2991 


BB- 


2992 


2993 


2994 


2995 


2996 


2997 


2998 


2999 


3000 


3001 


3002 


3003 


3004 


3005 


3006 


3007 


BC- 


3008 


3009 


3010 


3011 


3012 


3013 


3014 


3015 


3016 


3017 


3018 


3019 


3020 


3021 


3022 


3023 


BD_ 


3024 


3025 


3026 


3027 


3028 


3029 


3030 


3031 


3032 


3033 


3034 


3035 


3036 


3037 


3038 


3039 


BE- 


3040 


3041 


3042 


3043 


3044 


3045 


3046 


3047 


3048 


3049 


3050 


3051 


3052 


3053 


3054 


3055 


BF- 


3056 


3057 


3058 


3059 


3060 


3061 


3062 


3063 


3064 


3065 


3066 


3067 


3068 


3069 


3070 


3071 
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f- 


-0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


EO! 


3584 


3585 


3586 


3587 


3588 


3589 


3590 


3591 


3592 


3593 


3594 


3595 


3596 


3597 


3598 


3599 


El- 


3600 


3601 


3602 


3603 


3604 


3605 


3606 


3607 


3608 


3609 


3610 


3611 


3612 


3613 


3614 


3615 


E2- 


3616 


3617 


3618 


3619 


3620 


3621 


3622 


3623 


3624 


3625 


3626 


3627 


3628 


3629 


3630 


3631 


E3- 


3632 


3633 


3634 


3635 


3636 


3637 


3638 


3639 


3640 


3641 


3642 


3643 


3644 


3645 


3646 


3647 


E4_ 


3648 


3649 


3650 


3651 


3652 


3653 


3654 


3655 


3656 


3657 


3658 


3659 


3660 


3661 


3662 


3663 


E5_ 


3664 


3665 


3666 


3667 


3668 


3669 


3670 


3671 


3672 


3673 


3674 


3675 


3676 


3677 


3678 


3679 


E6- 


3660 


3681 


3682 


3683 


3684 


3685 


3686 


3687 


3688 


3689 


3690 


3691 


3692 


3693 


3694 


3695 


E7_ 


3696 


3697 


3698 


3699 


3700 


3701 


3702 


3703 


3704 


3705 


3706 


3707 


3708 


3709 


3710 


3711 


E8- 


3712 


3713 


3714 


3715 


3716 


3717 


3718 


3719 


3720 


3721 


3722 


3723 


3724 


3725 


3726 


3727 


E9- 


3728 


3729 


3730 


3731 


3732 


3733 


3734 


3735 


3736 


3737 


3738 


3739 


3740 


3741 


3742 


3743 


EA- 


3744 


3745 


3746 


3747 


3748 


3749 


3750 


3751 


3752 


3753 


3754 


3755 


3756 


3757 


3758 


3759 


EB_ 


3760 


3761 


3762 


3763 


3764 


3765 


3766 


3767 


3768 


3769 


3770 


3771 


3772 


3773 


3774 


3775 


EC_ 


3776 


3777 


3778 


3779 


3780 


3781 


3782 


3783 


3784 


3785 


3786 


3787 


3788 


3789 


3790 


3791 


ED- 


3792 


3793 


3794 


3795 


3796 


3797 


3798 


3799 


3800 


3801 


3802 


3803 


3804 


3805 


3806 


3807 


EE- 


3808 


3809 


3810 


3811 


3812 


3813 


3814 


3815 


3816 


3817 


3818 


3819 


3820 


3821 


3822 


3823 


EF_ 


3824 


3825 


3826 


3827 


3828 


3829 


3830 


3831 


3832 


3833 


3834 


3835 


3836 


3837 


3838 


3839 


F0_ 


3840 


3841 


3842 


3843 


3844 


3S45 


3646 


3847 


3848 


3849 


3850 


3851 


3852 


3853 


3654 


3855 


Fl_ 


3S56 


3857 


3858 


3859 


3860 


3861 


3862 


3863 


3864 


3865 


3866 


3867 


3868 


3869 


3870 


3871 


F2- 


3872 


3873 


3874 


3875 


3876 


3877 


3878 


3879 


3880 


3881 


3882 


3883 


3884 


3885 


3886 


3867 


F3- 


3888 


3889 


3890 


3891 


3892 


3893 


3894 


3895 


3896 


3897 


3898 


3899 


3900 


3901 


3902 


3903 


F4_ 


3904 


3905 


3d06 


3907 


3908 


3909 


3910 


3911 


3912 


3913 


3914 


3915 


3916 


3917 


3918 


3919 


F5- 


3920 


3921 


3922 


3923 


3924 


3925 


3928 


3927 


3928 


3929 


3930 


3931 


3932 


3933 


3934 


3935 


F6- 


3936 


3937 


3938 


3939 


3940 


3941 


3942 


3943 


3944 


3945 


3946 


3947 


3948 


3949 


3950 


3951 


F7_ 


3952 


3953 


3954 


3955 


3956 


3957 


3958 


3959 


3960 


3961 


3962 


3963 


3964 


3965 


3966 


3967 


F8. 


3968 


3969 


3970 


3971 


3972 


3973 


3974 


3975 


3976 


3977 


3978 


3979 


3980 


3981 


3982 


3983 


F9. 


3984 


3985 


3986 


3987 


3988 


3989 


3990 


3991 


3992 


3993 


3994 


3995 


3996 


3997 


3998 


3999 


FA. 


4000 


4001 


4002 


4003 


4004 


4005 


4006 


4007 


4008 


4009 


4010 


4011 


4012 


4013 


4014 


4015 


FB- 


4016 


4017 


4018 


4019 


4020 


4021 


4022 


4023 


4024 


4025 


4026 


4027 


4028 


4029 


4030 


4031 


FC- 


4032 


4033 


4034 


4035 


4036 


4037 


4038 


4039 


4040 


4041 


4042 


4043 


4044 


4045 


4046 


4047 


FD- 


4048 


4049 


4050 


4051 


4052 


4053 


4054 


4055 


4056 


4057 


4058 


4059 


4060 


4061 


4062 


4063 


FE_ 


4064 


4065 


4066 


4067 


4068 


4069 


4070 


4071 


4072 


4073 


4074 


4075 


4076 


4077 


4078 


4079 


FF, 


4080 


4081 


4082 


4083 


4084 


4065 


4086 


4087 


4088 


4089 


4090 


4091 


4092 


4093 


4094 


4095 
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Timing Summary 






INSTRUCTION TIMING 






Instruction 


Mnemonic 


Time fin microseconds) 


Zeio and Add Zoned 


ZAZ 


1.52(N+L1+L2)+ 1.52 (R) 


Add Zoned Decinial 


AZ 


1.52 (N+L1+L2) + 1.52 (R) 


Subtract Zoned Decimal 


SZ 


1.52 (N+L1+L2) + 1.52 (R) 


Add Logical Characters 


ALC 


1.52 (N+2L) 


SubUact Logical Characters 


SLC 


1.52 (N+2L) 


Add to Register 


A 


1.52 (N+2) 


Move Hex Character 


MVX 


1.52 (N+2) 


Move Characters 


MVC 


1.52 (N+2L) 


Edit 


ED 


1.52(N+L1+L2) 


Insert and Test Characters 


ITC 


1.52(N+1+L1) 


Move Logical Immediate 


MVI 


1.52 (N+1) 


Set Bits On Masked 


SBN 


1.52(N+1) 


Set Bits Off Masked 


SBF 


1.52 (N+1) 


Store Register 


ST 


1.52 (N+2) 


Load Register 


L 


1,52 (N+2) 


Load Address 


LA 


1.52 (N) 


Compare Logical Characters 


CLC 


1.52 (N+2L) 


Compare Logical Immediate 


CLI 


1.52 (N+1) 


Test Bits On Masked 


TEN 


1.52 (N+1) 


Test Bits Off Masked 


TBF 


l.S2(N+l) 


Branch on Condition 


BC 


1.52 (N) 


Jump on Condition 


JC 


4.56 


Halt Program Level 


HPL 


4.56 


Start I/O 


SIO 


4.56 


Sense I/O 


SNS 


1.52 (N+2) 


Load I/O 


LIO 


1.52 (N+2) 


Test I/O and Branch 


TIG 


1.52 (N) 


Advance Program Level 


APL 


4.56 



DISK TIMING, 5444 

Seek time foi 1 track is 39 ms. Seek time for 2 or more tracks: 
47 + 3.42 (N-2) = time in milliseconds, where N = the number of 
tracks to be crossed. (The factor 3.42 represents the average max- 
imum track crossing time after two tracks have been crossed.) 



Note: 

In the timing formulas, 

N= Instruction length 
in bytes. 

Ll=Length of destina- 
tion field (two 
address instruction) 
in bytes. Destina- 
tion field is that 
field addressed by 
operand I. 

L2=Length of source 
field (two address 
instruction) in bytes. 
Source field is that 
field addressed by 
operand 2. 

1> Length of the oper- 
ands when the length 
of operand 1 must 
equal the length of 
operand 2. 

R- Length of operand 1 
when recomplement- 

ing is necessary. 
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Glossary 



The following terms are defined as they are used in this 
manual. If you do not find the term you are looking for, 
refer to the IBM Data Processing Glossary , GC20-1699. 

Access Arm— A part of a disk storage unit that is used to 
hold one or more reading and writing heads. 

ALU— Arithmetic and logical unit. 



I Address-A given address from which a storage address 
is derived by combination with a relative address. 

Binary— (1) Pertaining to a characteristic or property 
invohring a selection, choice, or condition in which there 
are two possibilities. (2) Pertaining to the numeration 
system with a radix of two. 

Binary Digit-In binary notation, either of the characters 
Oorl. 

Binary Notation— A fixed radix notation where the radix 
is two. For example, in binary notation the numeral 
11 0.01 represents the number 1 x 2 squared plus 1 x 2 to 
the first power plus 1 x 2 to the minus 2 power, that is, 
six and a quarter. 

Binary Numltef-Loosely, a binary numeral 

Binary Numeral-A binary representation of a number. 
For example, 101 is the binary numeral and V is the 
equivalent Roman numeral 

Blt-(l) A binary digit. (2) Contractionof 'binary digit', 
the smallest unit of information in a binary system. A bit 
may be either a 1 (on) or a zero (off). 

Blank— A code character to denote the presence of no 
information rather than the absence of information - 

Blank Character-See Space Character. 

Block - A collection of contiguous records recorded as a 
unit. Blocks are separated by interrecord gaps on tape, 
and each block may contain one or more records. 

Bpi - The number of bits per inch per row (track) or the 
number of bytes per inch on tape. This term is used when 
referring to the recording density of the tape unit. 

Byte-Asequenceof adjacent binary digits (8) operated 
upon as a unit. 



Card Code— The combinations of punched holes that 
represent characters (letters, digits, etc.) in a punched 
card. 

Card Column— A single line of punching positions parallel 
to the short edge of a punched card. 

Card Feed-A mechanism which moves cards into a 
machine one at a time. 

Card Hopper-A device that holds cards and makes them 
available to a card feed mechanism. 

Card Stacker— An output device that accumulates punched 
cards in a deck. 

Carry— One or more characters, produced in connection 
with an arithmetic operation on one digit place of two or 
more numerals in positional notation, that are forwarded 
to another digit place for processing there. 

Character— A letter, digit, or other symbol that is used as 
part of the organization, control, or representation of data. 

Character Printer— A device that prints a single character 
at a time. 

Character Set-An ordered set of unique representation 
called characters, for example, the 26 letters of the English 
alphabet, and 1 of the Boolean alphabet, the set of 
signals in the Morse code alphabet. 

Check-A process for determining accuracy. 

Check Bit-A binary check digit, for example, a parity bit. 

Check Character— A character used for the purpose of 
performing a check, 

Code-A set of unambiguous rules specifying the way in 
vfhich data may be represented. 

Code Conversion-A process for changing the bit grouping 
for a character in one code into the corresponding bit 
grouping for a character in a second code. 

Collate-To compare and merge two or more similarly 
ordered sets of items into one ordered set. 

Collator— A device to collate sets of punched cards or other 
documents into a sequence. 
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Column— A vertical arrangement of characters or other 
expressions. Loosely, a digit place. 

Command— An instruction. 

Comparison— The examination of the relationship between 
two similar items of data. 

Complemont— A number that can be derived from a 
specified number by subtracting the specified number from 
another specified number. 

Conditional Jump— A jump that occurs if specified criteria 
are met. 

Data— A representation of facts, concepts^ or instructions 
in a formalized manner suitable for communication, 
interpretation, or processing by humans or automatic 
means. 

Data Procesiing Syitem- A network of machine component 
capable of accepting information, processing it according 
to a plan> and producing the desired results. 

Direct Address— An address that specifies the location of 
an operand, 

Disk-A physical element of disk storage. 

Disk Storage— A storage device which uses magnetic 
recording on flat rotating disks. 

Display— A visual presentation of data. 

Document— (1) A medium and the data recorded on it for 
human use> for example, a report sheet, (2) By extension, 
any record that has permanence and that can be read by 
man or machine. 

Edit-To modify the form or format of data, for example, 
to insert or delete characters such as page numbers or 
decimal points. 

Effective Address-The address that is derived by applying 
any specified indexing or indirect addressing rules to the 
specified address and that is actually used to identify the 
current operand. 

End-Of-Tape Marker — A marker on a magnetic tape used 
to indicate the end of the permissible recording area, for 
example, a photo-reflective strip, a transparent section of 
tape, or a particular bit pattern. 

End of Transmission (EOT)— The specific character or 
sequence of characters which indicates termination of 
sending. 



EOT— End of transmission. 

Erase— To obliterate information from a storage medium. 

Erase Head — A device on a magnetic tape unit whose sole 
function is to erase previous information before writing 
new information. 

Execute— To carry out an instruction or perform a routine. 

Fetch-To locate and load a quantity of data from storage. 

Field— In a record, a specified area used for a particular 
category of data, for example, a group of card columns 
used to represent a wage rate or a set of byte locations in 
a computer storage used to express another storage address. 

File Protection — Prevention of the destruction of data 
recorded on a volume by disabling the write head of a 
unit. 

Font-A family or assortment of characters of a given 
size and style. 

Format— A specific anangement of data. 

Graphjc-A symbol produced by a process such as hand- 
writing, drawing, or printing. 

Graphic Character— A character normally represented by 
a graphic- 
Halt Instruction-A machine instruction which stops the 
execution of the program. 

Hard Copy-A printed copy of machine output in a 
visually readable form, such as printed reports. 

Head— A device that reads, records, or erases data on a 
storage mediiim; for example, a small electromagnet used 
to read, write, or erase data on magnetic disk or tape. 

Hexadecimal-Pertaining to the numeration system with 
a radix of sixteen. 

Hit— A successful comparison of two items of data. 

Hopper-A card hopper. 

l/0-Input/output. Input or output, or both. 

Indexed Address-An address which is modified by the 
content of an index register prior to or during the execu- 
tion of a computer instruction. 
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Indexing— A technique of address modification often 
implemented by means of index registers, 

IndicatDf— A device which registers a condition in the 
computer. 

Indirect Address- An address that specifies a storage 
location derived by adding an indexing factor to an index 
register. 

Initialize—To set counter, switches, and addresses to zero 
or other starting values at the beginning of, or at a pre- 
scribed point in a computer routine. 

Initial Program Load (IPL)-The procedure that causes 
the initial part of an operating system or other program to 
be loaded so that the program can then proceed under its 
own control. 

Input Data— Data to be processed. 

Input Device— A device used for conveying data to the 
processing unit. 

lnput/Output-(l) Commonly called I/O. (2) A general 
term for the equipment used to communicate with the 
processing unit. 

Instruction— A statement that specifies an operation and 
the values or locations of its operands. 

Instruction Address— The address of the location where an 
instruction word is stored* 

Instruction Format— The allocation of bits or bytes of a 
machine instruction to specific functions- 
Interblock Gap — A blank space on magnetic tape that 
separates physical records. 



Intarpreter-A device that prints on a punched card the 
data already punched in the card. 

Interrupt— To stop a process in such a way that it can be 
resumed. 

Jump— A departure from the normal sequence of executing 
instructions in a computer. 

Justif icatton— The act of adjusting or arranging characters 
or digits to the left or right to fit a prescribed pattern. 

Justify-To align data about a specified reference. 



Line Printer— A device that prints all characters of a line as 
a unit. 

Load-In programming, to enter data into storage or 
working registers. 

Loadpoint - The beginning of the usable portion of a reel 
of tape, indicated by a load point marker^ where reading 
or writing is to begin. 

Location— Loosely, any place in which data can be stored. 

Loop-{n) A sequence of instructions that is repeated 
until a terminal condition exists, (v) To repeat an instruc- 
tion or series of instructions until a terminal condition 

exists. 

Magnetic Disk— A flat circular plate with a magnetic surface 
on which data can be stored by selective magnetization of 
portions of the flat surface. 

Magnetic Tape — A tape with a magnetic surface on which 
data can be stored by selective polorization of portions of 

the surface. 

Main Storage-The general purpose internal storage of a 
computer. 

Mask— A pattern of bits that is used to control the retention 
or elimination of portions of another pattern of bits. 

Mnenrwnic— Same as mnemonic symbol. 

Mnemonic Symbol— A symbol chosen to assist the human 
memory, for example, the abbreviation MPY for multiply. 

Multivolume Tape File - A file stored on more than one 
tape reel. 

Nines Complement— The radix-minus^ne complement in 
decimal notation. 

Ho Op— An instruction that performs no function except 
to proceed to the next instruction in sequence- 
Notation— A representational system which utilizes charac- 
ters and symbols in positional relationships to express 
information. 

NRZI (Non-Return-To-Zero IBM) - A method of record- 
ing on tape where only the one-bits are written as magnetiz- 
ed spots on tape. 

Number-A mathematical entity that may indicate quantity 
or amount of units. 
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One-Addresi-Pertainmg to an instruction format contain- 
ing one address part. 

Operand-That which is operated upon. An operand is 
usually identified by an address part of an instruction. 

Operation— (1) A defined action, namely the act of obtain- 
ing a result from one or more operands in accordance with 
a rule that completely specifies the result for any permis- 
sible combination of operands, (2) The act specified by a 
single computer instruction. 

Operation Coda— A code that represents specific operations. 

Operator— A person who operates a machine. 

Output-The data that has been processed, 

Overflow-That portion of the result of an operation that 
exceeds the capacity of the intended unit of storage. 

Parity Bit-A binaiy digit appended to an array of bits to 
make the sum of all the bits always odd or always even. 

Parity Check-A check that tests whether the number of 
ones or zeros in an array of binary digits is odd or even. 

Pass— One cycle of processing a body of data. 

PE (Phase Encoding) - A method of recording on tape 
where both zero and one-bits are written as magnetized 
spots. The zero and one-bit are opposite in polarity. 
This method allows distinction between zero-bits and no 
recording. 

Printer-A device which expresses coded characters as hard 
copy. 

Prograno-A series of actions proposed in order to achieve a 
certain result. 

Programmer-A person mainly involved in designing, writing, 
and testing programs. 

Programming-The design, the writing, and the testing of a 

program. 

Punched Card— A card punched with a pattern of holes to 
represent data. 

Radix— In positional representation, the integral ration of 
the significances of any two specified adjacent digit positions. 

Radix-MinusOne-Coniplem^Tt-A complement obtained 

by subtracting each digit from one less than the radix. 



Read-To acquire or interpret data from a storage device, a 
data medium, or any other source. 

Read Access Time - The interval from issuance of a read 
forward read command given to the tape control when tape 
is not at load point, until the first data byte is read when 
tape is brought up to speed from stopped status. 

Reel - A mounting for a roll of tape. 

Register— A device capable of storing a specified amount of 
data, such as two bytes. 

Seek— To position the access mechanism of a disk drive at 
a specified track. 

Serdes-Serializer-deserializer. A device that changes data 
flow from parallel-by-bit to serial-by-bit or from serial-by- 
bit to parallel-by-bit. 

Space Character-A normally non-printing graphic character 
used to separate words. 

Storage-Pertaining to a device into which data can be 
entered, in which it can be held, and from which it can be 
retrieved at a later time. 

Storage Capacity— The amount of data that can be contained 
in a storage device. 

Storage Device— A device into which data can be inserted, 
in which it can be retained, and from which it can be 
retrieved. 

Subsystem — A secondary or subordinate system, usually 
capable of operating independenly of or asynchronously 
with a controlling system. 

Tape Labels — Special records at the beginning and ending 
of tape files. There are volume labels, and trailer labels. 
They are used to identify the reel and the recorded data 
file. They aho contain certain housekeeping information. 

Tape Mark — A special symbol that can be read from, or 
written on, magnetic tape. It is used to indicate the end 
of a file or a file segment, and to segregate the labels from 
data. Tape marks must be read in the same density in which 
they were written. 

Tape Unit - A device containing a tape drive to move tape 
past the reading and writing heads, and containing the 
associated controls. 

Time-Share— To use a device for two or more interieaved 
purposes. 
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Time-Sharing— Pertaining to the interleaved use of the time 
of a device. 

Track-The portion of a moving storage medium, such as a 
drum, tape, or disk, that is accessible to a given reading 
head position, 

Two-Addrett-Pertaining to an instruction format contain- 
ing two address parts. 

Verify— To determine whether a transcription of data or 
other operation has been accomplished correctly. 



Write— To record data in a storage device or a data medium. 

Write Access Time — The interval lirom the issuance of a 
write command given to the tape control, when the tape 
is not at load point, until the first data byte is written on 
tape when tape is brought up to speed from stopped status. 

Write— Enable Ring - A plastic ring that fits in a circular 
groove molded in the back (machine side) of the tape 
reel. This ring must be in place to enable the machine to 
write on the tape. When the ring is removed, only reading 
can take place; the file is protected from accidental writing, 
which could erase valuable information. 
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INDEX 



AAR 2h4 

A and B registers 2-3 

access 

forward time (5444) 6-6 

mechanism (5445) 6-29 

reverse operations (5444) 6-8 

time (5444) 

models (Al. A2, and A3) 6-6 
models (1,2, and 3) 6-6 

limes (5445) 6-39 
account number checking 10-5 
add logical characters insliuciion 2-13 
address 

registers 2-4 

compare light 3-13 

compaie switch 3-12 

marker (5444) 6-3 

recall register (ARR) 2-4 
address/data switches 3-5 
addressing 1-5 

add to register instruction (A) 2-15 
add zoned decimal instruction (AZ) 2-1 1 
advance program level instruction (APL) 

BSCA IMl 

data entiy keyboard 7-5 

general 2-30 

line printer 5-5 

magnetic character reader 10-5 

MFCU 4-3 

optical mark reader 15-4 

optical reader sorter 12-6 

printer-keyboard 8-4 

SIOC 9-2 

tape 13-10 

(1442) 14-3 

(5444) 6-19 

(5445) 6-50 

advancing program level operation (BSCA) 11-18 
altering storage 3-13 

addresses 3-13 
arithmetic and logical unit 2-3 
arithmetic instructions 2-1 
ARR 2-4 
ASCU 11-2 
attachment characteristics 

keyboard attachment, printer keyboard 8-2 

printer atuchment, printer keyboard 8-3 

printer-keyboard 8-2 
auto (automatic) 

answer feature 11-2 

answer wait operation 1 1-16 

call feature 11-3 

call function 11-9 

call operation 11-4 
auto 

record release switch, data entry keyboard 7-2 

select (optical reader sorter) 12-5 

skip/dup switch, data entry keyboard 7-3 
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BAR 2-5 

base-displacement addressing 1-5 

batch/serial number field 15-1 

BCC (block check character) 11-18 

BCD field (3881) 15-1 

binary and hexadecimal number notation 

binary format 1 -4 

binary synchronous communications adapter (BSCA) 

initiating action in BSCA 1 1-14 

instructions 1 1-8 

interrupts 11-6 

operations 11-13 

operators control panel 3-9 

status indications 1 1-12 

stop key 3-11 

synchronl2ation 1 1-5 

terminal control 11-4 
branch on condition instruction 2-26 
BSCA local test switch 3-12 
BSCA step key 3-12 
byte 1-3 
byte count register (tape) 13-8, 13-4 
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cable test switch 
card 

printing speeds 4-9 

punching rates 4-8 

read load I/O instruction 

reading rate 4-7 
carriage check 5-9 
CE 

controls 3-1 1 

key switch 3-1 1 

mode selector switch 3 

panel 3-1 1 

servicing switches 
chain check 5-9 
chain sync check 5-9 
charmel organization 
charmei ovenun. disk 
character fonts (1255) 
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2-8 
6-1 
10-1 



character set image 5-2 
check conditions 

line prujter 5-9 

MFCU 4-9 

processing unit 3-14 

SIOC 9-6 

(5444) 6-21 
check, fonns 5-9 
check reset key 3-12 
cleaner blade operation 13-18 
clock cycles display 3-8 
code conversions A-3 
codes, BSCA transmission 11-2 
column indicators, data entry keyboard 7-4 
command instruction 1-5 
common elements of the instruction 1-5 
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communication networJcs 1 1-1 
compare logical characters instruction (CLC) 2-23 
compare logical immediate instruction (CLl) 2-24 
condition register 2-3 

bit names 2-3 
console display ^5 

control characters and sequences (BSCA) 1 1-4 
control code, start I/O (SIO) 

BSCA 11-8 

data entry keyboard 7-5 

dual programming feature 2-3 1 

Une printer 5-3 

magnetic character reader 10-2 

MFCU 4-7 

optical reader sorter 12-2 

printer-keyboard 8-4 

SJOC 9-5 

upe 13-8 

(1442) 14-6 

(5444) 6-16 

(5445) 641 
control Held, disk 6-5 
controls 

operator 3-2 

system 3-2 
CRC/LRC/VRC (block check characters) 1 1-18 
current address register U-3 
cycle designation 2-6 
cycte stealing 2-7 
cycles {see individual entries) 
cycles and phases 2-6 
cyclic check bytes 

(5444) 6A 

(5445) 6-32 
cylinder numbering 

(5444) 6-2 

(5445) 6-29 



dash symbol transmission 10-5 
data 

address reginers 2-5 
cheddng, BSCA 11-18 
compatibility (5445) 6-30 
entry keyboard 
indicators 7-4 
instructions 7-5 
keys 7-3 

principles of operation 7-1 
programming considerations 7-4 
switches 7-2 
flow 2-1 

format (2316) 6-30 
handling 2 16 
handling instructions 2-16 
keys, data entry keyboard 7-4 
rates, BSCA 11-1 
set interface 11-1 
sets 11-1 

station interface 11-1 
transfer register 9-1 
descriptor words (3881) 15-1 
diagnostic byte, magnetic character readei 10-4 
digit portion of the byte 1-3 
direct addressing 1-5 



directing the disposition of documents 
magnetic character reader 10-2 
optical reader sorter 1 2-2 
disable BSCA function 1 1-10 
disable BSCA operation 11-15 
disable intcmipt function (BSCA) 1 1-9 
disconnect operation (BSCA) 11-17 
disk 
access 

forward lime (5444) 6-6 
mechanism (5445) 6-29 
reverse operations (5444) 6-8 
time (5444) 

Models (Al, A2. and A3) 6-6 
Models (1.2, and 3) 6-6 
times (5445) 6-39 
address marker (5444) 6-3 
advance program level instruction 

(5444) 6-19 

(5445) 6-50 

cartridges, 5440 (for 5444) 6-2 

channel overrun 6-1 

check conditions (5444) 6-21 

control 

address register (DCAR) 2-5 

code, start I/O (SIO) 

(5444) 6-16 

(5445) 641 
field 6-5 
panel 3-4 

cyclic check bytes 

(5444) 64 

(5445) 6-32 
cylinder tnmibering 

(5444) 6-2 

(5445) 6-29 

data address r^tcr (DFDR) 2-5 

data compatibility (5445) 6-30 

data formal (23 16) 6-30 

drive control (address) register (DDCR) 2-5 

drive conUol field (5445) 6-38 

drive data address register PDDR) 2-5 

onor recovery procedures (5444) 6-25 

flagging (5444) 6-24 

gap (5445) 6-30 

head switching (5445) 6-38 

home address (5445) 6-30 

tPL operation, 5444 read 6-1 3 

index marker 

(5444) 6-3 

(5445) 6-30 
instructions 

advance program level 

(5444) 6-19 

(5445) 6-50 
load I/O 

(5444) 6-17 

(5445) 6-52 
sense I/O 

(5444) 6-20 

(5445) 6-51 
start I/O 

(5444) 6-16 

(5445) 641 
test I/O and branch 

(5444) 6-18 

(5445) 649 
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disk (continued) 

instiuction address registers 
instiuction handling (5444) 
load I/O instructions 

(5444) 6-17 

(5445) 6-52 
operating restrictions (5444) 
operations 6-5 
organization 

(5444) 6-2 

(5445) 6-29 
pack 2316 (for 5445) 6-28 
read count-key-data operation (5445) 
read data operation (5444) 6-12 
read data diagnostic operation (5444) 
read identifier operation (5444) 6-1 3 
read IPL operation (5444) 6-13 
read key-data operation (5445) 6-43 
recalibration function 6-5 
scan operations (5444) 6-15 
seek operation (5444) 6-5 
sector addressing (5444) 6-4 
sector identifier (5444) 6-3 
sector identifier format (5444) 6-4 
sense I/O instruction 

(5444) 6-20 

(5445) 6-51 
start I/O instruction 

(5444) 6-16 

(5445) 6-41 
status bytes (5444) 6-21 
test I/O and branch instruction 

(5444) 6-18 

(5445) 6-49 
track format 

(5444) 6-3 

(5445) 6-30 
track initialization procedures (5444) 
verify operation (5444) 6-14 
wdte data operations (5444) 6-14 
write identifier operations (5444) 6-14 

displaying 

local storage registers 3-1 3 
storage 3-13 
display panel 3-5 
DLE 1 1-5 

document counter 10-5 

document to be read (optical reader sorter) 12-6 
document under read head (optical reader sorter) 
dual 

feed carriage 
feature 5-3 

forms thickness restriction 5-3 
program control 
panel 3-4 
switch 3-4 
programming feature 2-9 
restrictions 2-9 
start 1/0 control code 2-3 1 
start I/O instruction 2-3 1 
test 1/0 and branch instruction 2-29 
dup key, data entry keyboard 7-3 
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E-A cycles 2-6 

E-B cycles 2-6 

EBCDIC 11-2 

edh instruction (ED) 2-17 

ElA local attachment feature 11-3 

eight-bit card code 1-4 

eight-bit program card code 1-4 

emergency power off and meter panel 3-2 

emergency power off switch 3-2 

enable/disable switch (tape) 13-4 

end of forms 5-9 

error 

indications, BSCA 1 1-20 

indicator, data entry keyboard 7-4 

recovery procedures 
BSCA 11-19 
tape 13-17,18, 19 
(5444) 6-25 

reset key^ data entry keyboard 7-3 
enable BSCA function 1 MO 
enable/disable BSCA operation 11-15 
enable, disable step and test modes function (BSCA) 11-10 
enable intenupt function (BSCA) 11-9 
ENQ 11-5 
EOT 11-4 
ETB IM 
ETX 11-4 
execution phase 2-6 



feeding documents 

magnetic character reader 10-2 

optical reader sorter 1 2-1 
field erase key, data entry keyboard 7-3 
fields, 3 881 data 15-1 
fifty-one (51) column sort feature 10-5 
file protection ( tape) 1 3-4 
file write switch 3-12 
flagging (5444) 6-24 
forms 

check 5-9 

jam 5-8 

length 

(1403) 5-2 
(5203) 5-1 

movement rate (1403) 5-2 
framing the message (BSCA) 1 1-5 
full transparent text mode feature 1 1-3 
function keys, data entry keyboard 7-3 
function register 9-1 



gap (5445) 6-30 
glossary A-18 



halt 

identifier display 3-2 
program lBvel*in3truction (HPL) 
reset keys 3-4 
head switching (5445) 6-38 
hexadecimal-decimal conversion tables 
high speed interface feature 1 1-2 
home address (5445) 6-30 
hopper check 4-10 
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11-20 
11-12 



3-10 



l-Hl cycle 2-6 
I-H2 cycle 2-6 
I-Ll cycle 2-6 
I-L2 cycle 2-6 
incrementei fafluie check 5-9 
incrementei sync/slip check 5-9 
index 
marker 

(5444) 6-3 

(5445) 6-30 
register 1 2-4 
i€^tei 2 2-4 

indications, BSCA eiior 
indications, BSCA status 
indicators 

address compare 3-12 

auto call unit power off 

BSCA attention 3-9 

busy (BSCA) 3-10 

call request 3-10 

character phase 3-10 

clear to send 3-9 

contiol mode 3-10 

data 

entry keyboard 7-4 
line in use 3-10 
mode 3-10 
terminal ready 3-9 

digit present 3-10 

external test switch 3-10 

intenupt 3-4 

I/O attention 3-3 

I/O check 3-13 

open 3-5 

power check 3-8 

process 3-4 

processor check 3-3 

ready 3-5 

receive 

initial 3-10 
mode 3-10 
trigger 3-10 

stop 3-3 

test mode 3-10 

thermal 3-8 

transmit mode 3-10 

transmit trigger 3-10 

unit check 3-9 
indirect addressing {see baseKlisplacement addressing) 
initiating action in BSCA 11-14 
initialization operation, BSCA 11-15 
input/output facilities 2-8 
input/output instructions, general 2-29 
Insert and test characters instruction (ITC) 2-18 
instruction 

address register (lAR) 2-4 

formats 1-5, A-1 

handling (5444) 6-27 

phase 2-6 

symbology 2-9 
instructions 

add logical characters 2-1 3 

add to register 2-15 

add zoned decimal 2-1 1 
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instructions (continued) 

advance program level (APL) 
arithmetic 2-9 
BSCA 11-11 
data entry keyboard 7-5 
general 2-30 
line printer 5-5 
magnetic character reader 10-5 
MFCU 4-3 
printer-keyboard 8-4 
optical mark reader 15-2 
optical reader sorter 1 2-6 
SIOC 9-3 
tape 13-10 

(5444) 6-19 

(5445) 6-50 

brajich on condition 2-26 
compare logical characters 2-23 
compare logical Immediate 2-24 
data entry keyboard 7-5 
edit 2-17 

halt program level 2-27 
input/output, general 2-29 
insert and test characters 2-18 
jump on condition 2-27 
load address 2-23 
load I/O (LIO) 

BSCA 11-10 

data entry keyboard 7-5 

general 2-29 

line printer 5-6 

printer-keyboard 8-4 

magnetic character reader 10-3 

MFCl) 4-4 

optical reader sorter 12-3 

SIOC 9-3 

t^e 13-8 
load 1/0 (LIO) 

(1442) 144 

(5444) 6-17 

(5445) 6-52 
load register 2-22 
logical 2-23 

MFCJU advance program level 4-3 

MFCl)/I/0 4-2 

move 

characters 2-17 

logical immediate 

hex characters 2- 
sense I/O (SNS) 

BSCA 11-11 

data entry keyboard 

general 2-29 

line printer 5-6 

printer-keyboard 8-4 

magnetic character reader 10-4 

MFCU 4-5 

optical reader sorter 12-4 

SIOC 94 

tape 13-10 

(1442) 144 

(5444) 6-20 

(5445) 6-51 

set bits off masked 2-20 
set bits on masked 2-20 
SIOC 9-2 
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instructions (continued) 
start I/O (SIO) 
BSCA 11-8 

data entiy keyboard 7-5 
dual programming feature 2-31 
general 2-29 
line printer 5-3 
printer-keyboard 8-3 
magnetic character reader 10-2 
MFCU 4-6 

optical reader sorter 12-2 
SIOC 9-5 
tape 13-8 
(1442) 14-5 

(5444) 6-16 

(5445) 6-41 
store register 2-21 

subtract logical characters 2-14 
subtract zoned decimal 2-1 2 
test bits off masked 2-25 
test bits on masked 2-24 
test I/O and branch 

BSCA 11-10 

data entry keyboard 7-5 

dual programming feature 2-31 

general 2-30 

line printer 5-4 

printer-keyboard 8-4 

magnetic character reader 10-5 

MFCU 4-2 

optical reader sorter 12-6 

SIOC 9-2 

tape 13-9 

(1442) 14-3 

(5444) 6-18 

(5445) 649 

zero and add zoned 2-10 
integrated modem special feature, 1200 bps 
interblock gap 13-6 
interlock 5-5,5-9 

intermediate block checking feature U-2 
internal clock feature (BSCA) 1 1 -2 
inter record gap (tape) 13-1 
interrupt 2-7 
interrupt key light 3-4 
interrupts. BSCA U-6 
invalid address 3-14 
invalid Q code 3-14 
invalid 388, data code representing 15-2 
I/O 

channel 2-8 

check light 3-13 

cycles 2-6 

device control 2-8 

ready (optical reader sorter) 12-5 

select register 9-1 

transfer Unes 9-1 

transfer lines, magnetic character reader 
I/O attention 

check 3-14 

conditions 3-3 

light 3-3 

optical mark reader 

optical reader sorter 
1-Op cycle 2-61P 
IPL code M 
IPL operation, 5444 read 
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10-4 



15-2 
12-5 
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I-Q cycle 2-6 

l-R cycle 2-6 

ITB 11-5 

ITB interrupt (BSCA) 1 1-6 

ITB operaUon (BSCA) 11-17 

I-Xl cycle 2-6 

I-X2 cycle 2-6 



jump on condition (JC) 2-27 



keyboard attachment characteristics, printer-keyboard 
keyboard characteristics, printer-keyboard 8-2 
keys 
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check reset 3-1 2 
data entry keyboard 
halt reset 3-4 
interrupt 3-4 
lamp test 3-9 
program load 3-3 
start 3-3 
stop 3-3 
system reset 3-12 
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lamp test key 
LCR 2-5 

length count/data recall registers 2-5 
length count register 9-1 
line printer 5-1 
character sets 
(1403) 5-2 
(5203) 5-1 
characteristics 
(1403) 5-2 
(5203) 5-1 
check conditions 
(1403) 5-9 
(5203) .5-9 
data address register (LPDAR) 2-5 
dual feed carriage forms thickness restriction 
image address register (LPIAR) 2-5 
instructions 

advance program level (APL) 5-5 
load I/O (LIO) 5-6 
sense I/O (SNS) 5-6 
start I/O (SIO) 5-3 
test I/O and branch 5-4 
print positions 
(1403) 5-2 
(5203) 5-1 
sense data 5-7 
skipping 5-2 

(1403) 5-3 
spacing 5-2 
status bytes 5-8 
load address Instruction (LA) 2-23 
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line printei (continued) 
load 1/0 instruction (LIO) 
BSCA U-10 

data entry keyboard 7-5 

general 2-29 

line printer 5-6 

printer keyboard 8-4 

magnetic character reader 10-3 

MFCU 4^ 

optical mark reader 15-3 

optical reader sorter 12-3 

SIOC 9-3 

(1442) 14^ 

(5444) 6-17 

(5445) 6-52 
load point 13-6 

bad registei instruction (L) 2-22 

loading registers (BSCA) 11-18 

Jocal communication adapter 11-3 

local attachment feature, EIA 11-3 

local storage registers (LSRs) 2-4 

local test switch 3-11 

logical instructions 2-23 

loop test function (BSCA) 1 1-9 

lower shift key, data entry keyboard 7-3 

LPDAR 2-5 

LPIAR 2-5 



MFCU (continued) 
instructions 

advance program level (APL) 4-3 
I/O instructions 4-2 
load I/O (LIO) 44 
print load I/O 4-8 
sense I/O (SNS) 4-5 
start I/O (SIO) 4^6 
test I/O and branch 4-2 
operations limitations 4-2 
print buffer selection 4-8 
print data address register (MPTAR) 2-5 
print operations 4-8 
punch data address register (MPDAR) 2-5 
punch operations 4-8 
read address raster (MRDAR) 2-5 
sense bytes 4-5 
slacker selection 4-9 
status bytes 4-5 
microprogram (3881) 15-5 
modems (data sets) 1 1-1 
mode set commands (tape) 13-7, 13-8 
move characters instruction (MVC) 2-17 
move hex character instruction (MVX) 2-16 
move logical immediate instruction (MVI) 2-19 
multi-function card unit 4-1 
multipoint communications network 11-1 
multi-punch key, data entry keyboard 7-3 



machine cycles display 3-8 
magnetic character reader 

device identification 10-1 

diagnostic byte 10-4 

features 10-5 

function register bytes 10-1 

general programming requirements 10-1 

I/O transfer lines 10-4 

instructions 

load I/O (LIO) 10-3 
sense \/0 (SNS) 104 
start I/O (SIO) 10-2 

operation 10-1 

status bytes 10-4 
magnetic tape address register 13-8, 13-4, 13-1 1 
mam storage 2-2 

manual operations procedures 3-13 
mark data fields 15-1 
mark reader 15-1 
message, tape error 13-16 
message display unit 3-2 
message display units, dual programming 3-4 
message format 11-5 
meter, usage 3-2 
metric equivalents 13-2 
MFCU 

capabilities 4-1 

card path 4-2 

card read operations 4-9 

check conditions 4-9 

combined operations 4-9 



NAK IM 

network communication 

NRZr 13-3 
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one-address instructions 1-6 

op code register 2-3 

op end interrupt (BSCA) 1 1-6 

open lights 3-5 

operand 1 address register (BAR) 2-5 

operand 2 address register (AAR) 2-4 

operation check 3-14 

operational limitations 

MFCU 4-2 

SIOC 9-1 

(5203) 5-2 
operations 

BSCA n-12 

(1255) 10-1 

(1270) 12-1 

(1442) 14-6 

(3881) 15-5 

(5203) 5-2 

(5444) 6-5 

(5445) 6-42 
operator controls 3-2, 
operator controls (1442) 14-2 
optical mark reader 15-1 
optical reader sorter 12-1 
output record, (388 1) 15-1 



X-^ 



pad characlera 11-5 

parity 1-4 

parity check 3-14 

parity oheckiiig (tape) 13-4 

permanent error card 1 3-20 

phases, execution 2-6 

phases, instruction 2-6 

PE 13-3 

point-to-point communications networks 11-1 

power check indications and action (BSCA) 3-8 

power on/off switch 3-3 

powers of two table A-9 

print 

area restrictions 5-2 

check 5-9 

clutch check 4-10 

data check 4-10 
(1403) 5-9 
printer attachment characteristics, printer -keyboard 8-2 
printer characteristics, printer-keyboard 8-1 
printer-keyboard 

attachment characteristics 8-2 

instructions 

load I/O (LIO) a^ 
sense I/O (SNS) 8^ 
start I/O (SIO) 8-3 

keyboard attachment characteristics S-2 

keyboard characteristics 8-2 

printer attachment characteristics 8-2 

printer characteristics 8-1 

sense bytes 8-4 
print switch, data entry keyboard 7-3 
procedures, tape recover 1 3-1 7 
process lights 3-4 

processing unit check conditions 3-14 
processing unit, data flow 2-2 
processor check 3-14 

light 3-3 
program 1 and 2 

indicators 7-4 

keys 7-3 
program card 

code 1-4 

reading 4-8 
program load 

key 3-3 

operation, general 3-3 

switch, data entry keyboard 7-2 

status register (PS R) 2-4 

switch, data entry keyboard 7-2 
programming considerations, data entry keyboard 7-4 
programming requirements (1270) l2-l 
punch 

check 4-9 

invalid chock 4-9 

load [/O instruction 4-8 

operations (1442) 14-6 



Q byte (see individual insiiuction dcsciiption) 
Q register 2-3 



R-bytc 13-6 

rate control, BSCA transmission 1 1-1 

rate select switch 3-1 1 

read 

check 4-9 

count key data (5445) 6-13 

data diagnostic operation (5444) 6-13 

data operations (5442) 14-6 

data operations (5444) 6-12 

homo address and record zero (5445) 6-42 

identifier operation (5444) 6-13 

IPL operation (5444) 6-13 

key daU (5445) 6-43 

tape 13-5,13^,13-6 
reader, mark 15-1 
ready key, data entry keyboard 7-3 
ready lights 3-5 
rccalibration function 

(5444) 6-5 

(5445) 6-42 
receive 

initial function (BSCA) 1 1 -9 
initial opera tion (BSCA) 11-15 
operation (BSCA) 11-18 
reception sUtistica (BSCA) 1 ^19 
record, descriptor word (3881) 15-1 
record erase switch, data entry keyboard 7-2 
recording, tape errors 13-20 
reflective marker , tape 13-6 
registers 
A 2-3 

address recall 2-4 
B 2-3 
BSCA 

current address register 11-3 

stop address regpister 1 1 -3 

transition address register 11-3 
condition 2-3 
data recall 

control address 2-5 

data address 2-5 

drive' control (address) 2-5 

drive data (address) 2-5 
display unit 3-5 
fimction 9-1 
index (1) 2^ 
index (2) 2-4 
Instruction address 2-4 
I/O select 9-1 
length count 2-5,9-1 
line printer data address 2-5 
line printer image address 2-5 
local storage 2-4 
MFCU 

print data address 2-5 

punch data address 2-5 

read data address 2-5 
MTAR 13-8 
op code 2-3 

operand 1 address (BAR) 2-5 
operanjd 2 address (AAR) 2-4 
program status 2-4 
Q 2-3 

serial I/O channel 2-5 
storage address 2-3 
storage data 2-3 
release key, data entry keyboard 7-3 
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reset interrupt request function (BSCA) 1 1-9 
residual values (5445) 6-39 
retrieving data from documents 

magnetic cKaiacter reader 10-2 

optical reader sorter 12-2 
rewind tape 13-5 
right adjust key, data entry keyboard 7-4 



scan operations (5444) 6-15 

scan operations (5445) 6-47 

SDR 2-3 

sector addressing (5444) 6-4 

sector identifier (5444) 6-3 

sector identifier format (5444) 6-4 

seek operation (5444) 6-5 

seek operation (5445) 6-42 

segment descriptor word 15-1 

self -checking number 12-6 

serial input/output channel (SIOC) 9-1 

seriflJ I/O channel address register (SIAR) 2-5 

sense byte, printer-keyboard 8-4 

sense byte, data emliy keyboard 7-7 

sense bytes, MFCU 4-5 

sense bytes, tape 13-12 

sense I/O instructions (SNS) 

BSCA 11-U 

data entry keyboard 7-6 

general 2-29 

line printer S-6 

printer-keyboard 8-4 

magnetic character reader 10-4 

MFCU 4-5 

optical mark reader 15-3 

optical reader sorter 1 2-4 

SIOC 94 

(1442) 14A 

(5444) 6-20 

(5445) 6-51 
sensing (BSCA) 11-18 
serial/batch number field. (3881) 15-1 
sets bits off masked 2-20 

sets bits on masked 2-20 

SIOC 9-1 

SIOC data address 9-2 

skips (1403) 5-3 

SOH IM 

sorter stopped 12-5 

stacker selection 

(1255) 9-5 

(1270) 12-3 

(1442) 14-6 

(5424) 4-7 
start 1/0 instructions (SIO) 

BSCA 11-8 

data entry keyboard 7-5 

dual programming feature 2-3 1 

general 2-29 

line printer 5-3 

magnetic character reader 8-3 

MFCU 4-6 

optical mark reader 15-5 

optical reader sorter 1 2-2 



start I/O instructions (SIO) (continued) 
printer-keyboard 8-3 
SIOC 9-5 
tape 13-8 

(5444) 6-16 

(5445) 641 

station selection feature 11-2 

statistics for BSCA diagnostics, capturing 1 1-19 

status bytes (5444) 6-21 

status indications, BSCA 11-12 

stop address register 1 1-3 

stop key 3-11 

STX IM 

subsystem sense information (tape) 13-11 

SYN 11-5 

SYN SYN control sequence 1 1-5 

synchronization, BSCA 1 1-5 

synchronous communications features 11-1 

system and error statistics for BSCA 11-19 

sy3tem/3 data processing. Model (10) 1-1 



tape (3410/3411 magnetic) 
addiessix)g 13-4 
attachment sense 

ABI parity error 1 3-6 

ABO parity error 13-6 

no error found 13-6 

sequence error 13-6 

subsystem busy 13-6 

tape control disabled 1 3-6 

two tag error 13-6 
byte count 13-8, 13-4 
cabling 13-4 

cleaner blade operation 13-18 
configuration 13-1 
control commands 

backspace block 13-6, 13-5 

backspace file 13-6, 13-5 

data security erase 13-7, 13-5 

erase gap 13-6, 13-5 

forward space block 13-6, 13-5 

forward space file 13-6,1 3-5 

loop-write-to-read 13-7, 13-5 

mode set 13-7. 13-5 

rewind 13-6, 13-5 

rewind/unload 13-6, 13-5 

write tape mark 13-6, 13-5 
data converter 13-3 
data rate 13-2 
erase head 13-4 
enor card 

permanent 13-20 

temporary 13-20 
error recording 

enor statistic counter assignments 13-19 

error card formatting 13-20 
error recovery procedures 

general actions 13-15 

messages 13-16 

operator control interface 13-15 

sense procedures 13-16 
errors (see sense information) 



X^ 



tape (3410/3411 magnetic) (continued) 

exchange, inter/system 13-4 

features 

dual density 13-3. 13-8 
dual density control 13-3 
seven-track control 13-3, 13-7 
single de&sity 13-3 

file protection 13-4 

instructions 

advance program level 13-10 

load I/O 13-8 

sense t/0 13-10 

slaitl/O 13-8 

Ust I/O and branch 13-9 

interblock gap 13-2, 13-6 

inter -system exchange 13-4 

load point 13-6 

maik 13-6 

metric equivalents 13-2 

mode set command 
mode 1 set 13-7 
mode 2 set 13-8 

MTAR 13-8,13-4,13-11 

operation 

read 13-4, 13-5 

read backward 13-6, 13-5 

write 13-6. 13-5 

operator control 13-4 

parity checking 13-4 

performance summary 13-2 

reel sizes 1 3-2 

reflective market (EOT) 13-6 

lequiiements 13-4 

rewind time 13-2 

sense infonnation 

attachment bus out check 13-15, 13-12 

backward at load point 13-13. 13-12 

command reject 13-13, 13-12 

CRC 13-15, 13-12 

data check 13-13,13-12 

data converter check 13-13, 13-12 

data timing check 13-15, 13-12 

diagnostic track error 13-13. 13-12 

end data 13-15, 13-Z2 

end velocity check 13-14, 13-12 

envelope check 13-15, 13-12 

equipment check 13-13. 13-12 

false and marker 13-15, 13-12 

Illegal command 13-14, 13-12 

LRC 13-15,13-12 

mark check 13-14,13-12 

multiUack 13-15, 13-12 

norcadbackdata 13-14, 13-Z2 

noise 13-13, 13-12 

NOP 13-13,13-12 

not capable 13-14,13-12 

overrun 13-14, 13-12 

PE ID burst check 13-15. 13-12 

reject tape unit 13-14, 13-12 

sense valid 13-13, 13-12 

start velocity check 13-14, 13-12 

tachometer failure 13-14, 13-12 

tape indicate 13-14,13-12 



tape (3410/3411 magnetic) (continued) 
sense information (continued) 

tape indicate 13-14^ 13-12 

tape unit status changed 13-14, 13-12 

unit check 13-14, 13-12 

unit exception 13-13, 13-12 

unit position 13-14, 13-12 

VRC 13-15,13-12 

word count zero 13-14, 13-12 

wrong length record 13-13. 13-12 
sense instructions 

attachment sense 13-16 

subsystem sense 13-16 
servicing 13-4 
translator 13-3 
unit control 13-3 
temporary enor card 13-20 
tenninal control (BSCA) 1 14 
termination of 1270 operations 12-2 
test bits off masked instruction (TBF) 2-25 
lest bits on masked instruction (TBN) 2-24 
test 1/0 and branch instruction (TIO) 
BSCA 11-10 
data entry keyboard 7-5 
dual programming feature 2-31 
general 2-30 
line printer 5-4 
magnetic character reader 10-5 
MFCU 4-2 

optical maik reader 15-4 
optical reader sorter 12-6 
printer-keyboard 8-4 
SIOC 9-2 
tape 13-9 
(1442) 14-2 

(5444) 6-18 

(5445) 6-49 
thermal check (5203) 5-9 
thermal indication action 3-8 
time sharing 2-7 

timing 

(3410/3411) 13-2 

(5444) 6-6 

(5445) 6-39 
timing summary A-17 
track format 

(5444) 6-3 

(5445) 6-31 

track initialization procedures (5444) 6-25 

transition address register 1 1-3 

transmission codes 1 1-2 

transmission rate control 11-2 

trarismission statistics for BSCA, capturing 11-19 

transmit and receive BSCA operations 11-16 

transparent operation, full 11-17 

transparent text mode feature, full 11-3 

two-address instructions 1-6 

two second timeout function (BSCA) 11-10 

two second timeout operation (BSCA) 11-18 

two table, powers of A-9 



unit check 3-14 

unprintable character check 5-9 

upper shift key, data entry keyboard 7-3 

usage meter 3-2 



Index X-9 



verify operation (5444) 6-14 
verify operation (5445) 6-44 



words, 3881 descriptor 15-1 

write coimt-key-data (5445) 6-46 

write data operations (5444) 6-14 

write home addxew and record zero (5445) 6-45 

write identifier operations (5444) 6-14 

write key data (5445) 6-47 



XENQ 


11-5 


XETB 


11-5 


XETX 


11-5 


XITB 


11-5 


XRl 


2-4 


XR2 


2-4 


XSTX 


11-5 


XSYN 


11-5 



8-bit card code- 1-4 

8-bit program card code 1 -4 

51 column sort feature 10-5 

1200 bps iirtegrated modem 1 1-2.1 

1255 Magnetic Character Reader 10-1 

1270 Optical Reader Sorter 12-1 

1403 Printer 5-2 

1442 Card Read Punch 14-1 

2316 Disk Pack 6-28 

3410/3411 Magnetic Tape Subsystem 13-1 

3881 Opucal Mark Reader 15-1 

5203 Printer 5-1 

5410 channel limitations 2-8 

5410 Processing Unit 2-1 

5424 Multi-Function Card Unit 4-1 

5440 Disk Cartridge 6-2 

5444 Disk Storage Drive 6-1 

5445 Disk Storage Drive 6-28 
5471 Printer-Keyboard 8-1 
5475 DaU Entry Keyboard 7-1 
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